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PEEFAOE. 


With  the  completion  of  this  rolmne,  all  of  the  subjects 
bdongiDg  to  human  physiology,  that  are  usually  taught  in 
medical  schools  or  are  treated  of  in  Bystematic  works,  have 
been  carefiilly  considered,  except  the  functions  of  the  ner- 
Tons  Bystem  and  the  processes  of  generation  and  development. 
The  first  volume,  published  in  1866,  treated  of  the  blood, 
eirctdation,  and  respiration ;  and  the  second  volume,  pub- 
lished in  1867,  was  upon  the  subjects  of  alimentation,  diges- 
tion, absorption,  and  the  lymph  and  chyle. 

The  original  plan  of  the  work  has  been  adhered  to  in  the 
preparation  of  these  three  volumes,  as  each  one  constitutes  a 
toparate  and  distinct  treatise,  being  complete  in  itself,  while 
the  fill!  series  is  intended  to  cover  the  entire  subject  of 
human  physiology.  In  recording  the  success  of  the  parts 
already  published,  the  author  feels  that  his  labors  have  been 
more  than  appreciated;  and  the  finendly  and  encouraging 
criticism  that  the  work  has  thus  far  received  has  stimulated 
him  to  increased  efforts  in  the  preparation  of  the  present 
volume. 

Some  of  the  subjectB  taken  up  in  this  volume  have  an 
especial  interest  to  the  author,  from  the  fact  that  he  has 
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investigated  them  by  original  experiments,  and  lias  guc- 
eeeded  in  developing  new  facts  of  a  certain  decree  of  value ; 
but  it  has  been  his  endeavor  not  to  give  to  these  questions 
undue  prominence,  to  the  prejudice  of  other  subjects  of  equal 
importance  to  the  physiological  student.  The  most  promi- 
nent points  developed  by  original  invefitigation  in  the  present 
volume  are,  the  discovery  of  an  excretory  ftmction  of  the 
liver,  that  had  never  before  been  described,  and  the  mechan- 
ism of  glycogenesis,  a  question  that  seems  now  to  be  defini- 
tively settled,  notwithstanding  the  apparently  opposite 
results  obtained  by  different  experlmenters- 

Since  the  chapter  on  the  glycogenic  function  of  the  liver 
has  been  printed,  the  author  has  seen  an  analysis  of  a  aeries 
of  observations  on  this  subject,  in  which  his  conclusions  with 
regard  to  the  mechanism  of  the  formation  of  sugar  in  the 
economy  have  been  luDy  confirmed.  The  views  embodied 
in  this  chapter,  however,  are  entirely  original,  and  were 
published  in  the  Jfew  York  Medical  Journal  in  January, 
1869,*  The  confirmatory  observations,  by  Tieffenbach,  are 
also  original,  as  far  as  any  knowledge  of  this  publication  is 
concerned,  and  were  published  in  the  form  of  an  Inaugural 
Dissertation,  later  in  the  same  year.'  In  laying  claim  to 
priority  of  publication,  the  author  fully  appreciates  the  im- 
portance of  these  independent  experiments,  by  which  the 
accuracy  of  his  own  researches  hare  been  so  fully  confirmed. 


'  Fliht,  Jr.,  ExperitnghU  undertaken,  /or  ihs  Purpote  of  rteoneilinff  some  of 
the  JJUcordarU  Obtervaiiont  upon  the  Ol^foo^enie  Function  of  the  Livcr.^N^ 
Fork  Medical  Jourtutl^  Jan.,  1869,  p.  373* 

*  TizmcNBAcn,  Ueber  die  EdiUnx  dtr  ffiyco^enm  Junction  der  L^f^r,  Dtmrr- 
taiion^  Kdnigflberg,  1860, — 2ai*dir»/K  fur  rathntlle  Medici n^  Leipzig  u.  Heidel- 
berg, 1869,  Dritt^  R«ihe»  Bd.  xxxt.,  S,  %1<L 


PREFACE, 


With  regard  to  the  general  mechanism  of  secretion,  it 
has  seemed  important  to  the  author  to  draw  as  clo&elj  as 
possible^  the  line  of  distinction  l>etween  secretions  proper 
and  excretions;  and  our  information  with  regard  to  the 
mode  of  formation  of  the  secretions,  and  the  production  of 
excrementitious  principles  and  their  separation  from  the 
bloodf  is  now  of  so  positive  a  character,  that  we  are  able  to 
subject  these  processes  to  pretty  definite  generalization. 

If  we  comprehend  fully  the  mechanism  of  secretion  and 
excretion,  it  ia  evident  that  onr  knowle^ige  of  particular 
fluidfl  must  be  to  a  great  extent  based  upon  accurate  proxi- 
mate analyses.  The  author  has  taken  the  greatest  care  in 
compiling  the  tables  of  composition  of  the  varions  secretions 
and  excretions,  particularly  with  regard  to  the  nrinCj  having 
endeavored  to  make  the  table  of  its  composition  repre- 
aent  as  closely  as  possible  the  general  process  of  disassiniila- 
tion  and  its  variations  under  physiological  conditions. 

The  author  cannot  but  regard  the  description  of  the 
excretory  fimction  of  the  liver,  with  the  discovery  of  the 
physiological  relations  of  cholesterine,  as  of  very  great  im- 
portance, in  its  relations  to  pathology  as  well  as  physiology. 
This  subject  has  been  elaborately  considered  in  the  chapter 
treating  of  the  excretory  function  of  tlie  liver,  and  the  views 
therein  presented  are  put  forward  with  more  confidence, 
since  they  have  been  honored  with  a  favorable  report  by  a 
conmiittee  from  the  French  Academy  of  Sciences.^  As  the 
result  of  the,  author's  investigations  on  this  subject,  it  seems 
to  be  conclusively  proven  that  cholesterine,  under  certain 

*  ^.  Laugikr,  Aeadhnu  de9  mmtei.  Hdk  d»  la  thok§Unfie  dam  tor^ahwne , 
r<dUrM#  de  M,  Avwns  Ftiiyr  (fit). — Semudes  emtn  teienitjiguei^  Pads,  1868- 
186^1  tome  t1.,  pi.  495t  and  Compda  renduM^  Paris,  1860^  tome  IxTiiL,  p,  1871. 
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pathological  conditionB,  bears  the  same  relation  to  disorgan^ 
izing  diseases  of  the  liver  that  urea  does  to  corresponding 
conditions  of  the  iidneys*  Tlie  experiments  by  which  the^e 
facts  hare  been  developed  are  €0  repulsive  and  difficult  that 
there  is  little  likeliliood  of  their  being  extensively  verified ; 
and,  while  the  author  confidently  awaits  the  time  when  the 
results  of  his  investigations  will  be  generally  admitted,  he  is 
satisfied  at  present  with  the  acknowledgment  that^  they  are 
entirely  original. 

Witliin  a  short  time,  several  mooted  points  of  great 
importance  with  regard  to  the  physiological  anatomy  of  the 
liver  and  the  kidneys  have  been  definitively  settled*  It  is 
hoped  that  the  chapters  in  which  these  anatomical  questions 
have  been  considered  will  be  fomid  to  represent  the  latest 
and  most  reliable  views ;  and  it  does  not  seem  now  that  the 
conclusions  will  be  materially  altered  by  future  researches, 

New  Tore,  Bepiember^  1S69. 


The  present  impression  of  this  volume  has  been  thor- 
oiighly  and  careftilly  revised,  and  contains  numerous  corree" 
tions  and  alterations*     These  have  been  made  from  time  to 
time  in  the  plates  since  the  first  publication  of  the  volcmie^. 
in  186D,  and  the  foil  revision  and  correction  have  just 
completed, 

ISmw  Toiu^  September^  I8T4. 
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CHAPTER   L 

SECEETION   IN   GENERAL. 

Qttent  considcretions — Relations  of  the  secretions  to  nutrition— Gcoertl 
nechuufltn  of  tccrelion — DiflTerencea  between  the  secretions  and  fluid j 
ooatainiDg  formed  anatomical  elements — Dirtalon  of  secretions — ^echan- 
ism  of  the  prodtiction  of  the  true  secretions — ^Mechanism  of  the  production 
of  ihQ  excretions — Influence  of  the  composition  and  pressure  of  the  hlood 
QpoiL  tecretion^Influcnco  of  the  ncrrous  sjstem  on  secretion — Excite- 
iccwtory  aystem  of  nerves — General  structure  of  secreting  organs — Aim* 
tomkal  classification  of  glandular  organs — Secreting  membmnes — Fol- 
licular glanda — Racemose  glands — Tubular  glands— Ductless,  or  blood* 
ghodl — Classification  of  the  secreted  fluids — Secretions  proper  (perma- 
OOBt  fluids;  transitory  fluids)  —  Excretions— Fluid:*  t'ontaining  formed 
anatomical  elements. 

TsK  phenomena  classed  by  physiologkta  imder  the 
head  of  secretion  are  intimatelj  connected  with  the  gen- 
eral process  of  nntrition*  In  the  seme  in  which  the  terai 
tion  IB  usually  received,  it  embraces  most  of  the  pro- 
in  wliich  there  is  a  separation  of  material  from  the 
blood  or  a  formation  of  a  new  fluid  otit  of  matters  fur- 
nished by  the  blood.  The  blood  itself,  with  the  lympli 
sad  the  chyle,  are  no  longer  regarded  as  secretions*  These 
fluidB,  like  the  tisetieSj  are  permanent  constituents  of  the 
ifim,  undergoing  those  changes  only  that  are  neces- 
to  their  proper  regeneration.  They  are  likewise  char* 
^acterized  by  the  presence  of  certain  formed  anatomical  ehv 
69 
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ments,  which  themselves  undergo  the  processes  of  molecula 
destruction  and  regeneration.  These  characters  are  not  po« 
sessed  by  the  secretions.  As  a  rule,  the  latter  are  homogc 
neous  fluids,  without  formed  anatomical  elements,  except  a 
accidental  constituents;  such  as  the  desquamated  epithc 
lium  in  mucus  or  in  sebaceous  matter.  The  secretions  are  no 
permanent,  self-regenerating  fluids,  except  when  they  pei 
form  simply  a  mechanical  function,  as  the  humors  of  th 
eye,  or  the  liquids  in  serous  and  synovial  cavities.  The; 
are  either  discharged  from  the  body,  when  they  are  caller 
excretions,  or,  after  having  performed  their  proper  functioi 
as  secretions,  are  taken  up  again  in  a  more  or  less  modifie* 
form  by  the  blood. 

With  the  exception  of  those  fluids  which  have  a  functioi 
almost  entirely  mechanical,  the  relations  of  the  secretions  t 
nutrition  are  so  close,  that  the  production  of  many  of  tl^ei 
forms  almost  a  part  of  this  great  function. ,  It  is  Impossible 
for  example,  to  conceive  of  nutrition  without  the  formatio: 
of  the  characteristic  constituents  of  the  urine,  the  bile,  an< 
the  perspiration ;  and  it  is  impossible,  indeed,  to  study  satit 
factorily  the  phenomena  of  nutrition  without  consideriu] 
fully  the  various  excrementitious  principles,  such  as  urefi 
cholesterine,  creatine,  creatinine,  etc. ;  for  the  constant  forms 
tion  and  discharge  of  these  principles  by  disassimilatioi 
create  the  necessity  for  the  deposition  of  new  matter  i' 
nutrition.  Again,  the  most  important  of  the  secretions,  a 
contradistinguished  from  the  excretions,  are  concerned  in  th 
preparation  of  food  by  digestion,  for  the  regeneration  of  thi 
great  nutritive  fluid. 

As  would  naturally  be  supposed,  the  general  mechanisn 
of  secretion  was  very  imperfectly  understood  early  in  th 
history  of  physiology,  when  little  was  known  of  the  circuit 
tion,  the  functions  of  the  digestive  fluids,  and  particularly  o 
Xjutrition.  From  its  etymology,  the  term  should  signif 
separation ;  but  it  is  now  known  that  many  of  the  secrete* 
fluids  are  formed  in  the  glands,  and  are  not  simply  sepa 
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nted^  or  filtered  from  the  bltirjj.  Physiologi&ts  now  reganJ 
secretion  as  the  act  by  wliicli  fluitl^,  holding  certain  Bolid 
principles  in  Bolution,  and  sometimes  containing  liquid  nitro- 
genized  principles,  but  not  necessarily  posseseing  formed 
anatomical  elemeutSj  are  separated  from  the  blood,  or  are 
maimfiicturcd  by  special  organs  out  of  materials  funiished 
bj  the  blood.  These  organs  may  be  membranes,  follicles, 
or  collections  of  follicles  or  tubes,  when  they  are  called 
glAnds.  The  liquids  thus  formed  are  called  secretions; 
and  tbey  may  be  destined  to  j^erfonn  some  function  con- 
wected  with  nutrition,  or  may  be  si m])ly  discharged  from  the 
'JJ^'anism. 

It  is  nor  --tncrly  correct  to  speak  of  formed  anatomical 
i^lemeiits  as  the  results  of  secretion,  except,  perhaps,  in  the 
case  of  the  fatty  particles  in  the  milk.     The  leucocytes 
Umd  in    pus,   the    spermatozoids   of  the   seminal    flui<l, 
an<l  the  ovum,  which  are  sometimes  spoken  of  as  products 
of  secretion,  are  real  anatomical  elements  developed  in  the 
w:iy  in  which  these  structures  are  ordinarily  fonned.    It  has 
l>ecn  eoadasively  demonstrated,  for  example,  that  leucocytes, 
or  pusHSorpuscles,  arc  developed  in  a  clear  blastema,  without 
the  intervention  of  any  special  secreting  organ ;  *  and  that 
spermatozoids  and  ova  are  generated  by  a  true  development 
ia  the  testicles  and  the  ovaries,  by  a  process  entirely  differ- 
ent from  ordinary  secretion.     It  is  important  to  recognize 
these  facts  in  studying  the  mechanism  by  which  the  secre- 
ttoBS  are  produced.    It  is  true  tliat  in  some  of  the  secretions, 
ZA  the  sebaceous  matter,  a  certain  quantity  of  epithelium, 
more  or  less  disintegrated,  is  found,  but  this  is  to  be  regarded 
«6  an  accidental  admixture  of  desquamated  matter,  and  not 
as  a  product  of  secretion. 

DtvUwn  of  Seereiion9, — The  secretions  are  capable  of  a 
I>*  ^  teal  division,  dependent  upon  differences  in  their 
t'u!  and  the  mechanism  of  their  production.     Invcsti- 


»  Sec  roL  I,  Blood,  p.  124,  and  toI  ii.,  Absorption,  p.  523* 
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gations  within  the  past  few  years  have  shown  that  these 
differences  are  very  distinct. 

Certain  of  the  fluids  are  formed  by  speeial  organs,  and 
have  important  functions  to  perform,  which  do  not  involve 
their  discharge  from  the  organism.     These  may  be  clas&ed 
as  the  true  secretions ;  and  the  most  strildng  examples  of     j 
them  are  the  digestive  fluids.     Each  one  of  these  fluids  u 
formed  by  a  special  gland  or  set  of  glands^  which  generally    ' 
has  no  other  fnoction ;  and  they  are  never  produced  by  any     j 
other  part.     It  is  the  gland  which  produces  the  characteria-J 
tic  element  or  elements  of  the  true  secretions  out  of  materia]fl| 
furnished  by  the  blood ;  and  the  principles  thus  formed  never^ 
preexist  in  the  circulating  fluid.     Tlie  function  which  these    | 
fluids  have  to  perform  is  generally  intermittent ;  and  when 
this  is  the  case,  the  flow  of  the  secretion  is  intermittent,  tak- 
ing place  only  when  its  action  is  required.    l\nien  the  part 
which  produce  one  of  the  true  secretions  are  destroyed,  i 
may  be  sometimes  done  in  experiments  upon  livhig  animal 
the  characteristic  elements  of  this  pai'ticular  secretion  nev^ 
aeemnnlate  in  the  blood,  nor  are  they  formed  vicarious 
by  other  organs.    Tlie  simple  eftcct  of  such  an  experimen 
is  absence  of  the  secretion,  and  the  disturbances  consequeE 
upon  the  loss  of  its  function. 

Certain  other  of  the  fluids  are  composed  of  water,  holding 
one  or  more  characteristic  principles  in  solution,  wliieh  re-    j 
suit  from  the  physiological  waste  of  the  tissues.     These  prin-    j 
ciples  have  no  fuuction  to  perform  in  the  animal  economy, 
and  are  simply  separated  from  tlie  blood  to  be  discharged^ 
from  the  body.     These  may  be  classed  as  excretions ;  thflH 
urine  being  the  type  of  fluids  of  this  kind.   The  characteristic 
principles  of  tlie  cxcrementitious  fluids  are  formed  in  the  tis-     * 
sues,  as  one  of  the  results  of  the  constant  nutritive  changes     j 
going  on  in  all  organized  living  structures.    They  are  not  pro- 
duceil  in  the  glands  by  which  they  are  eliminated,  but  ap- 
pear in  the  secretion  as  the  result  of  a  sort  of  elective  filtra- 
tion from  the  blood.    They  always  preexist  in  the  circulating 
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ftuii],  and  may  be  eliminated,  either  constantly  or  oeeasion- 
ally,  by  a  number  of  organs.  As  tbey  are  produced  eon- 
tlnuHlly  in  the  substance  of  the  tissues  and  taken  up  by 
the  bloody  they  are  constantly  discharged  into  the  substance 
of  the  proper  eliminating  organs.  When  the  glandii  which 
tiias  eliminate  these  principles  are  destroyed,  or  their  func- 
tion seriously  impaired,  the  excreraeiititious  matters  may 
accumulate  in  the  blood,  and  give  rise  to  certain  toxic 
phenomena*  These  eflects,  however,  are  often  retarded 
hj  the  Ticarious  discharge  of  such  principles  by  otlier 
oi^gans. 

There  are  some  fluids,  as  tlie  bile,  which  perform  impor- 
tant fonetions  as  secretions,  and  which  nevertheless  contain 
eertain  exereinentitious  matters.  In  these  instances  it  is 
only  the  exerementitious  matters  that  are  dischar^^ed  trom 
tbe  organism. 

In  the  serous  sacs,  tlie  sheatlis  of  tendons  and  of  muscles, 
thestibetance  of  muscles,  and  some  other  situations,  are  found 
fluids  which  simply  moisten  the  parts,  and  which  contain 
very  Uttle  organic  matter  and  but  a  small  proportion  of  in- 
organic salts.     Although  these  are  frequently  spoken  of  as 
secretions,  they  are  produced  generally  by  a  simple  mechan- 
ical transudation  of  certain  of  the  constituents  of  the  blood 
through  the  walls  of  the  blood-vessels.*     Stil!,  it  is  difficult 
to  draw  a  line  rigorously  between  transudation  and  sotne  of 
the  phenomena  of  secretion ;  particularly  as  late  experiments 
Upon  dialysis  have  shown  that  simple  osmotic  ioeiol>ranes  are 
capable  of  separating  complex  solutions,  allowing  certain  con- 
Btituents  to  pass  much  more  freely  than  others.'     Tliis  fact  ex- 
plains why  the  transuded  fluids  do  not  contain  all  the  soluble 
principles  of  the  blood  m  the  proportions  which  exist  in  the 
plasma.     All  the  secreted  fluids,  both  the  true  secretions  and 
the  excretions,  contain  many  of  the  inorganic  salts  of  the 
blood-plasma. 

*  See  Tol  ii.,  Absorption,  p.  fi06,        *  Ibid.,  p.  477. 
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Mechanmn  of  ih4)  Productiofi  of  t/is  true  Secretwne.-^^ 
Althougli  the  characteristic  elements  of  the  true  B€?eretioj 
are  not  to  be  found  in  the  blood  or  in  any  other  of  the 
animal  fluids,  they  can  generally  l.»e  extracted  in  quantity 
from  the  glands^,  particularly  diu'ing  their  intervals  of  repose. 
This  fact  has  been  repeatedly  demonfitrated  with  regard  to 
many  of  the  digestive  Unids^  as  the  saliva,  the  gastric  juice^ 
and  the  pancreatic  juice ;  and  artificial  fluids,  posseting 
many  of  the  phytiioli^gical  properties  of  the  natural  gecre- 
tions,  Iiave  been  prepared  by  simply  infusing  the  glandular 
tissue  in  water.  There  can  be  no  doubt,  therefore,  that  even 
during  the  periods  when  the  geeretions  are  not  discharged, 
tlie  glands  are  takmg  from  the  blood  matters  which  are  to 
be  transfoniied  into  principles  chai'acteriBtic  of  the  indi\"idual 
secretions,  and  that  this  process  is  constant.  Extending  our 
inquiries  into  the  nature  of  the  process  by  which  these  pecu- 
liar principles  are  formed,  it  is  found  to  bear  a  close  resem- 
blance to  the  general  act  of  nutrition.  There  are  certain 
anatomical  elements  in  the  glands  which  have  the  power 
of  selecting  the  proper  material  from  the  blood  and  causing 
them  to  undergo  a  peculiar  transformation ;  as  the  m 
lar  tissue  takes  fi'om  the  great  nutritive  fluid  the  albumeilj 
fibrin,  etc.,  and  transforms  tlieni  into  its  own  substance. 
exact  nature  of  this  pn>perty  is  unexplained ;  it  belongs  to 
the  duss  of  phenumena  ol>served  in  living  structures  only, 
and  is  sometimes  called  vital. 

In  all  of  tlie  secreting  organs  a  variety  of  epithelium  is 
found,  called  glandular,  which  seems  to  possess  the  power 
of  forming  the  j^culiar  ek^nients  of  the  ditferent  secretions. 
Inasmuch  as  the  epithelial  cells  lining  the  tubes  or  follicles 
of  the  glands  constitute  t!ie  otily  peculiar  structures  of  these 
parts,  the  rest  being  made  up  of  basement-membrane, 
nective  tissue,  bhxjd-vessels,  nerves,  and  other  struct 
which  are  distributed  generally  in  the  economy,  we  should 
expect  that  these  alone  would  contain  the  elements  of  the 
secretions.    In  all  probablHty  this  is  the  fact ;  and  with  re- 
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gani  to  some  of  the  glandsj  this  has  been  satisfactorily  de- 
monstrated. It  Las  been  fouiid,  for  example,  that  the  liver- 
cells  contain  the  glycogenic  matter  funned  by  the  liver ;  *  and 
it  had  been  fartlier  showri  that  when  tlie  celhdar  ^tructurea 
of  the  pancreas*  have  been  destroyed,  the  secretion  is  no 
h)Uger  priKluced.'  There  can  be  hardly  any  doul>t  with  re- 
gard to  the  application  of  this  principle  to  the  glands  gener- 
ally, both  secretory  aiid  excretory.  Indeed,  it  is  well  known 
>  to  pathologists,  that  when  the  tubes  of  the  kidney  have  lie- 
come  denuded  of  their  epithelium,  they  are  nu  longer  capable 
of  separating  from  the  blood  the  peculiar  constituents  of  the 
urine. 

With  regard  to  the  origin  of  the  principles  peculiar  to 
the  true  secretions,  it  is  impossible  to  entertain  any  other 
view  than  that  they  are  produced  in  the  epithelial  stractures 
of  the  glands ;  and  the  old  idea  tliat  they  exist  ready-ibmiod 
in  the  blood,  though  adopted  by  some  physioh^gists  of  the 
present  day,*  cannot  be  maintained.  Wlule  the  secret  ions 
contain  inorganic  salts  transuded  in  solution  from  the  blood, 
the  organic  constituents,  sucli  as  pepsin,  ptyaline,  pancrea-* 
tine,  etc.,  are  readily  distinguished  from  all  other  albuminoid 
principles  by  their  peculi?ir  physiulogical  properties  ;  al- 
though some  of  them  are  apparently  identical  with  albumen 
in  their  ultimate  composition  and  in  most  of  their  chemical 
reactions. 

It  may  ho  stated,  then,  as  a  general  proposition,  that  the 
characteristic  elements  of  the  true  secretions,  as  contradistin- 
fruished  from  the  excretions,  are  formed  de  novo  by  the  epi- 
thelial structures  of  t!ie  glands,  out  of  material  furnished  by 
the  blood  ;  and  that  their  formation  is  by  no  means  confined 
to  what  is  usually  termed  the  period  of  functional  activity 
of  the  glands,  or  the  time  when  the  secretions  are  poured  out, 

*  ScHXFF,  Pe  la  nature  cfe»  gnmuhiHom  qui  remjjlmntt  tea  cdltila  hrpaUquet  .• 
dwidofi  Qmmak.^^CompUt  rertdus^  PiiHs,  1859,  tome  xlrlii.,  p.  880. 

*  BiiUiABi>f  Memoiretur  U  pancriaa^  Paria^  1850,  pp,  17  and  00. 
MjLNS.£fiWABi>9,  Le^ru  tur  la  pli^tidogk^  Paris,  1802,  tome  Tiu,  p.  989b 
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but  takes  place  more  or  lefts  constantly  when  no  fluid  Is  dis- 
charged. 

It  is  more  than  probable  that  the  formation  of  the  ele* 
ments  of  the  secretions  takes  place  ^^ith  fully  as  much  activ- 
ity in  the  interval  of  secretion  as  diirinf^  'the  discharge  of 
fluid  ;  and  most  of  the  glands  connected  with  the  digestive 
system  seem  to  require  certain  intervals  of  repose,  and  are 
capable  of  discharging  their  secretions  for  a  limited  time 
only. 

AVhen  a  secreting  organ  is  called  into  functional  activity —  ] 
like  the  gastric  mucous  membrane,  or  the  pancreas,  upon  the 
introduction  of  food  into  the  alimentary  canal — a  marked 
change  takes  place.    The  circulation  in  the  part  is  then  very 
much  increased  in  activity  ;  thus  furnishing  the  water  and 
the  inorganic  elements  of  the  secretion.     This  difference  in 
the  vascularity  of  the  glands  during  their  activity  is  very 
marked  when  the  organs  are  exposed  in  a  living  animal,  and 
is  one  of  the  important  facts  bearing  upon  the  mechanism 
of  secretion,     Beaumont  observed  this  in  his  experiments 
on  St.  Martin,  and  was  the  first  to  show  conclusively  that  ■ 
the  gastric  juice  is  secreted  only  when  food  is  taken  into  the  ~ 
stomach,  or  some  stimulation  is  applied  to  its  mucous  mem- 
brane.^    Bernard,  in  his  experiments  on  the  pancreas,  noted  ■ 
the  pale  appearance  of  the  gland  during  the  intervals  of 
digestion,  and  its  reddened  and  congested  condition  w^ien 
the  secretion  fit » wed  from  the  duct;'  and  the.'^e  observations 
have  been  confirmed  by  all  who  have  experimented  upon  the  i 
glands  in  living  animals. 

Li  later  experimeuts  upon  the  circulation  in  the  salivary  i 
glands  and  its  relation  to  secretion,  Bernard  has  investigated 
this  subject  fully,  witli  the  most  definite  and  satL< factory  re- 
sults/   His  observations  were  made  chieflv  on  the  submaxil- 


*  BJCAi;itosrT,  MxpcrinwUi  and  Ob»€rvations  on  t?ie  OoBtric  Juice^  and  Mi 
i^ymtagjf  of  Diffedwn^  riattsburg,  1833,  p.  103.  i 

•  BesmabDj  Mimciretur  kpaticrim.  Pans,  185C,  p.  43,  1 
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hry  gUud  in  dogs ;  and  he'has  shown  that  during  the  func- 
tional actiTity  of  this  organ,  if  a  tnbe  he  introduced  into  the 
rein,  the  quantity  of  blood  which  may  he  collected  in  a  given 
time  is  four  or  five  times  that  which  is  discharged  in  the  in- 
tervals of  secretion.'  It  was  ascertained,  also,  that  the  venous 
blood  coming  from  the  gland  containai  much  less  water 
than  the  arterial  lilood ;  and  on  comparing  the  quantity  of 
water  lost  by  the  blood  in  its  passage  through  the  gland  in 
a  given  time  with  the  quantity  discharged  in  the  saliva,  they 
were  fotmd  to  exactly  correspond/ 

The  differences  in  the  quantity  and  the  composition  of 
the  blood  coming  from  the  glands  during  their  repose  and 
their  activity  have  an  important  bearing  upon  the  mechan- 
ism of  secretion.  As  far  as  the  composition  is  concerned, 
these  differences  appear  to  be  mainly  dependent  upon  the 
modifications  in  the  circulation.  When  the  ghiud  is  in  re- 
pose, the  blood  coming  from  it  has  the  usual  dark,  venous 
hue  and  contains  the  ordinary  proportion  uf  carl)ODic  acid ; 
hut  during  secretion,  when  the  quantity  of  blood  passing 
through  the  organ  is  increased,  the  color  is  nearly  as  bright 
as  that  of  arterial  blood,  and  the  proportion  of  carbonic  acid 
is  very  small  At  this  time,  also,  the  blood  is  frequently 
discharged  from  the  \e\n  jnilsattia  to  tlie  distance  of  several 
inches,'  The  cause  of  this  difference  in  color  is  verj^  easily 
understood*  During  the  intervals  of  secretion,  the  blood  is 
Bent  to  the  gland  for  the  purposes  of  nutrition  and  the  man- 
ufacture of  the  elements  of  the  secretion.    It  then 


«bv  Uqutdm  de  rorifanitme,  PariA,  1850,  tome  U,,  p.  272^  eiieq.;  Du 
rUt  dew  ntdhm  rfjicrcs  paraltfmiUes  dant  U  pMnomhw  dm  smiiums.^Jourmd  de 
tamahmk  H  dt  ta  fjAi^iolo^fif,  Paris,  1864,  tome  i*,  p,  ft07,  ei  §cq.  ;  Zc^iu  tur  kt 
^rcpniitm  tUs  tixntM  tnvanit^  PariSj  1866^  p,  400,  et  teg, 

'  VopublUhed  lectures  deliTered  by  Bernard  at  the  College  of  France  in  the 
iimimer  of  18101. 

•  UopublUlied  Iwiiure^,  1861  ;  Jourtuil  de  tantUamU  €i  de  ta  phiftiolotfU^ 
Ptrii,  1864,  torac  L,  p.  513 ;  and  Lt^om  mr  In  propri^^  de»  iima  fwwit, 
Pam»  1866,  p,  40L 

3  BEaicinis  Liiptidee  de  torgQukme^  Paris,  1659,  tome  U,,  p>  296, 
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throiigli  tlie  part  in  moderate  quahtity  and  undergcM?s  the  usu- 
al change  from  arterial  to  venous,  in  wliicli  a  great  part  of  the 
oxygen  disappears  and  carljonic  acid  is  formed  ;  but,  whes 
secretion  commences^  the  ordinary  nutritive  changes  are  no 
sufficient  to  deoxidize  the  increased  quantity  of  blood,  an 
the  venous  character  of  the  blood  coming  from  the  part ; 
very  much  less  marked/ 

These  facts  enable  us  to  form  a  pretty  clear  idea  of  the 
mechanism  of  seeretion ;  tliough  the  exact  nature  of  the 
forces  which  effect  the  clianges  of  the  organic  princi- 
ples of  the  blood  into  the  characterli^tic  elements  of  the 
secretions  is  not  understood.  Experiments,  however^  have 
shown  that  in  the  act  of  secretion  there  are  two  toleraUyj 
distinct  processes ; 

1,  It  may  be  assumed  that  at  all  times  the  peculiar  se 
creting  cells  of  the  glands  are  forming,  more  or  less  activelyi* 
the  elements  of  the  secretions,  which  may  be  washed  out  of 
the  part  or  extracted  by  maceration  ;  hut  dm'ing  the  inter- 
vals of  secretion,  the   quantity  of  blood   received  by  thdM 
glands  IS  relatively  small.  ^| 

2.  In  obedience  to  the  proper  stimulus,  when  a  gland 
takes  on  secretion,  the  quantity  of  blood  which  it  receives 
is  four  or  iive  times  greater  than  it  is  during  repose.  At 
that  time,  water,  with  certain  of  the  salts  of  the  blood  in 
solution,  passes  into  the  secreting  structure,  takes  np  tlie 
characteristic  elements  of  the  seeretiou,  and  fluid  is  dis- 
oharged  by  the  duct.  ^| 

In  all  the  secretions  proper,  there  are  intervals,  either  of 
complete  repose,  as  is  the  case  with  the  gastric  juice  or  the^ 
pancreatic  juice,  or  periods  when  the  activity  of  the  secretion 
is  very  greatly  diminished,  as  in  the  saliva.     These  period 
of  repose  seem  to  be  necessary  to  the  proper  performance  * 
the  Innction  of  the  secreting  glands ;  forming  a  marked  con- 
trast with  the  constant  action  of  the  organs  of  excretion.    It^ 

»  This  subject  is  more  fully  diacuaaed  in  toI  i.,  Bloody  p.  106^  under  tbt 
head  of  "  Color  of  the  Blood.'* 
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is  well  kTiown,  for  example,  that  the  ftinction  of  digcistion  13 

eeriously  disturbed  when  the  act  is  too  prolonged,  from  the 
habitual  ingestion  of  an  excessive  quantity  of  food.  With 
regard  to  the  pancreas  tliis  fact  has  been  demonBtrated  in 
the  most  sati&factory  manner.  The  expeiiments  of  Bernard 
and  others  have  shown  that  tliis  organ  is  peculiarly  suscep- 
tible to  irritation  ;  and  when  a  tube  is  fixed  in  its  ductj  after 
a  time  the  flow  of  the  secretion  may  become  constant,  leav- 
ing no  intervals  for  repose  of  tlie  gland.  Wlien  this  occurs, 
the  fluid  diBcharged  loses  the  character  of  the  normal  secre- 
tion and  is  found  to  possess  none  of  its  peculiar  diges- 
tive properties/  In  one  or  two  instances  in  which  the  irrita- 
tion of  the  tube  introduced  into  the  panci*eatic  duct  did  not 
produce  a  constant  secretion,  the  fluid,  which  was  discharged 
ititermittently  in  the  normal  way,  possessed  all  its  physio* 
logical  properties/ 

From  the  considerations  already  mentioned,  it  is  evident 
that  the  secretions,  as  the  rale,  are  formed  by  the  epithelial 
structures  of  the  glands.  There  has  been  a  great  deal  of 
'  speculation  with  regard  to  the  raechanisni  of  this  action  of  the 
cells.  As  we  before  reraarkedj  this  question  cannot  be  con- 
sidered as  settled.  It  does  not  seem  probable  that  the  cells 
ar-e  ruptured  during  secretion  and  discharge  their  contents 
into  the  dncts,  for  under  the^e  circumstances  we  should 
expect  to  find  some  of  their  structure  in  the  secreted  fluid  ; 
whereas,  aside  from  accidental  constituents,  the  secretions 
arc  homogeneous,  and  do  not  contain  any  fonned  anatomical 
^elements.  There  is  no  good  reason  for  supposing  that  tliis 
^action  takes  place,  and  that  more  or  less  of  the  glandular 
epithelium  is  destroyed  whenever  secretion  occurs ;  and,  in 
the  pi*esent  state  of  onr  knowledge,  we  can  only  assume  that 
the  secreting  ccUs  induce  certain  transformations  in  the 
organic  elements  of  the  blood  and  modify  transudation,  with* 
out  pretending  to  understand  the  exact  nature  of  this  process. 

^  !>c?e  Tol.  il,  Digestion^  p.  837. 

*  Bkrkaju>|  Mt'moire  aur  U  panerhi^  Puria,  18!S6|  p,  46. 
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The  theory  that  the  dischai^e  of  the  secretions  is  due  / 
Bunply  to  mechaiiical  causes,  and  is  attributable  solely  to  tliefl 
i^^^^^^c^^  in    *i^/*  pressure   of  blood,   cannot    lia  sustained. 


increase  in  the 


Pressure  undoubtedly  has  eonsiderahlo  influence  npon  the  j 
activity  of  secretion ;  but  the  flow  will  not  always  take  place  fl 
in  obedience  to  sijnple  presisure,  and  secretion  may  be  in-  ^ 
duced  for  a  limited  time  without  any  increase  in  the  quan* 
tity  of  blood  circulating  in  the  gland.    lu  the  numerous  ex- 
periments by  Bernard  upon  the  influence  of  tlie  circulation 
upon  secretion  in  the  submaxillary  gland  of  the  dog,  these 
tacts  are  very  clearly  shown.     By  very  powerful  galvaniza-i 
tion  of  what  he  termed  the  motor  nerve  of  the  gland  (the 
chorda  t}T3ipani),  secretion  was  excited,  but  the  circulation 
was  reduced  ;  and  again,  after  hgation  of  the  vein,  liy  which 
the  gland  was  engorged  with  blood  and  the  circulation  could 
not  be  moditiecl,  galvanization  of  tlic  nerve  was  nevertheless  h 
followed  by  an  increase  in  the  secretion.     A  slight  secretion  H 
was  also  produced  by  galvanization  of  the  nerve  after  the 
artery  supplying  the  gland  had  been  tied.     These  exj^eri- 
ments  arc  made  with  great  facility  upon  the  submaxillary     » 
gland  vi  the  dog,  for  the  reason  that  the  parts  may  be  ex*  fl 
posed  and  operated  upon  without  interrupting  the  secretory      i 
function,  and  the  nerves  and  vessels  communicating  with  the      , 
gland  can  be  easily  isolated.     The  function  of  most  of  tlie  fl 
glands,  however,  becomes  so  much  distm-bed  by  exposure,  ™ 
that  the  influence  of  the  nerves  upon  their  action  is  observed 
with  great  difliculty. 

From  the  experiments  just  cited,  Bernard  concludes  that 
the  glands  possess  a  peculiar  irritability,  which  is  manifested 
by  their  action  in  response  to  proper  stimulation.  During 
their  secretion,  they  generally  receive  an  increased  quantity 
of  blood ;  but  this  is  not  indispensable,  and  secretion  may  be 
excited  without  any  modification  of  the  circulation.  This 
irritability  will  disappear  when  the  artery  supply lug  the  part 
with  blood  is  ligated  for  a  numl>er  of  liours ;  and  secretion 
cannot  then  be  excited^  even  when  the  motor  nerve  is  stimu- 
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iated  and  tlie  blood  is  again  allowed  to  circalate.  If  the  gland 
be  not  deprived  of  blood  too  long,  the  irritability  is  soon  re- 
stored ;  but  it  maj  be  permanently  destroyed  by  depriving  the 
part  of  blood  for  a  long  time/  These  observations  are  very 
striking,  and  show  a  certain  similarity  between  glandular 
and  muscular  irritability,  though  their  properties  are  mani- 
fested in  very  diflbrent  ways. 


Meohanism  of  the  Production  of  the  Excretions, —CertdAn 
of  the  glands  have  the  function  of  separating  from  the  blood 
excrementitious  matter»,wliich  are  of  no  use  in  the  economy, 
&nd  are  simply  to  be  discharged  from  the  system.  These 
matters,  which  will  l>e  fully  considered,  both  in  connection 
with  the  fluids  of  which  they  form  a  part,  and  under  the 
head  of  nutrition,  are  entii*ely  diiierent  in  their  mode  of  pro- 
duction from  the  characteristic  elements  of  the  secretions. 
Our  definite  information  concerning  the  mechanism  of  ex- 
cretion dates  from  the  researches  of  Provost  and  Dumas,  who 
discoTere«l  urea  in  tlie  blood  of  dogs  after  its  eliraination  had 
been  arrested  by  extirpation  of  the  kidneys.'  These  cxi>eri- 
ments  were  confirmed  by  S^galas  and  Vauquelin ; '  but  at 
that  time  the  means  of  analysis  of  the  animal  fluids  were  not 
sufficieutly  delicate  to  enable  chemists  to  detect  urea  in 
healthy  blood.  The  later  observations  of  Marchand,  how- 
ever, demonstrated  its  constant  presence  in  very  small 
(juantity  in  the  blood.*  These  analj^ses  have  been  repeated- 
ly confirmed^  and  it  is  now  generally  believed  that  all  the 
excrementitious  principles  exist  in  greater  or  less  qiiantity 

'  rnpubllsLed  lectures  delivered  by  Bernard  at  the  CoUeige  of  France  In  the 
iommcr  of  1861. 

'  PidcTOST  %t  DuMJk^  Examifi  du  iang  H  de  ton  adion  dan$  le$  divm  ph^ 
de  la  ifie.'~Annal€t  do  ehimie  d  de  ph^que^  PariSi  1821,  tome  xviil^  p» 

sao. 

*  SKOALJkfl,  Sur  dm  mfUwIBm  esphimea  rdaHvu  aux  prvpriitU  medieamm<. 
Uusea  di  turet^  eic^JimfnaldijfA^aickffief  Paris,  1822,  tome  11,  p.  354. 

*  ilARCTiANn,  Sur  la  priscnet  de  Turk  dann  U  mtttjf.^AnnaUt  deM  tcimum 
malurelUtt  Fans,  1838,  2me  aMq^  tome  x.|  p.  46. 
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firom  ili^  Wood  bjr  tfae  kidneys  is  farther  oonfinned  brreoent 
obtirratiqpiiAawiiigthmt  in  the  re&al  artety  the  ptY>portiiiii 
of  lliii  prfnciple  b  alxmi  twice  as  great  as  in  the  reoalreiii.* 

Ail'iptiug  thii  Tiew,  we  hare  nothing  to  do  at  preset 
with  theformatioii ef  eacaremcntitiouB  principles.    This  takea 
pbee  in  the  tliiMi  and  U  eonneeted  with  the  general  pnwes 
of  ootritjon;  and  in  the  excreting  glands  there  is  simplj  a 
•epanUlon  c/f  matters  already  formed.    The  action  of  the  ex- 
erting orgatiu  l>eiiig  oonatant^  there  h  not  that  r^olar  peri- 
odic increase  in  the  activity  of  the  circulatiou  which  is 
obm.'n'cl  in  accreting  orgam ;  hnt  it  has  been  obsenred  that 
the  blo'>d  t!mt  c*>nic«  from  the  kidneys  is  nearly  as  red  as 
arterial  bIo*>*l,  i^howing  that  the  quantity  of  blood  which  this 
organ  receiyea  is  greater  than  is  reqiured  for  mere  niitrition^J 
lliij  exccuft,  as  in  the  Becrcting  organsj  furnishing  the  water! 
and  inorgiinic  salta  that  are  found  in  the  urine.    It  has  alsol 
been  slu^wn  tbat  wlien  the  secretion  of  urine  is  interrupted^j 
the  hlood  of  tho  renal  veins  becomes  dark  like  the  blood  inl 
the  gL-ncnd  venous  By&teni.* 

Tlje  function  of  exci-etion  is  not,  under  all  conditionsjj 
confined  to  tlie  ordinary  excretory  organs.   When  their  funo* ' 
tion  in  dixturbedj  certain  of  the  secreting  glandg,  as  the  foUi- 
clci*  of  the  Mtatnach  and  intestine,  may  for  a  time  eliminatej 
€X<anenientitioiis  irmtters  ;  but  this  aetionis  abnormal,  and 

*  In  a  rocont  work  cur  tho  urine  (UouicftTS,  A  Pfiiciicnl  Trtatim  on  Urm<irf\ 
iiMi/  U^nal  J)i»€tuiM^  rhilmh'lphisi^  IBGG,  p,  35!J)j  it  U  slatiKi  on  tlie  ftuthoritfl 
of  oUitcrvnllonA  iiiiil  ntuilySi^a  ljyOp|i!or,  SrlioUtu,  PcrL%  iind  Zuk'sky,  that  urci|| 
ttud  uHe  m^itl  arr  nriimlly  produccU  in  the  kidneys.  These  statcinentif,  which  I 
will  Um  iilrti'U)«(tiMt  more  i\tlly  hereafter,  tiro  in  direct  opposition  to  fiict3  tUalj 
U»Vi»  horn  rci^rtJed  »*  (JotUed  by  Accurate  ftnalysea  of  tbc  blood,  and  camiot  1 
tio  ROccpliHl  without  con(lriimtio4).  II  U  suppo^'d,  however,  thnturca  and 
umti'A  arc  i\m  ro*ult  of  Ironsfornititian  of  other  eicremcntitiouft  pnncipt(» 

f  lUtlug  hi  tho  hloud»  autl  are  not  formed  dr  Hoi%  tike  the  clement^  of  the  tn 

*  Roatsr^  Zfant  «mi>  te$  kwmmn  normtdm  «t  wktvUnUt  <iu  eorpi  de  rhomm§f\ 
Tafli,  imi,  p.  «9, 

*  UKAMJkai>,  lifMm  dt  r«tf7tfuiBi«,  Piiiti  1880,  tomo  l^  pp.  U1  ttad  i^. 
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analogous  to  the  elinunation  of  Ibreign  matters  from  the  blood 
by  the  ghinds. 

Infimnce  qf  tfie  Composition  and  Pressure  of  the  Blood 

upon  Secretion. — Under  nonnal  conditions  the  composition 
of  the  blood  has  little  to  do  with  the  action  (►f  tlie  secretinjif 
organs,  as  it  simply  furnishes  the  material  out  of  which  the 
characteristic  principles  of  the  secretion  are  formed;  but 
when  certain  foreign  matters  are  taken  into  the  system  or 
are  injected  into  the  blood-vessels,  they  are  eliminated  by  the 
different  glands,  both  secretory  and  excretory.  These  organs 
seem  to  possess  a  power  of  selection  in  the  elimination  of 
different  substances.  Thus,  sugar,  ferroeyanide  of  potas- 
riam,  and  the  salts  of  iron,  are  ebminated  in  greatest  quantity 
by  the  kiJneys ;  the  salts  of  iron  by  tlie  kidneys  and  the 
gastric  tnbules ;  and  iodine  by  the  salivary  glands. 

The  act  of  secretion  is  almost  always  accompanied  with 
itiere4ise  in  the  pressure  of  blood  in  the  vessels  supplying  the 
glands;  and  it  has  been  shown,  on  the  other  hand,  that  an 
exa^eration  in  the  pressure,  if  the  nerves  of  the  glands  do 
not  exert  an  opposing  influence,  increases  the  activity  of  se- 
cretion. The  experiments  of  Bernard  on  this  point  show  tho 
iuflnence  of  pressure  on  the  salivary  and  the  renal  secretion, 
particularly  the  latter.  After  inserting  a  tube  into  one  of 
the  ureters  of  a  living  animal,  so  that  the  activity  of  the 
renal  secretion  could  1)0  accuriitely  observe  J,  the  pressure  in 
the  penal  artery  wa^  increase<l  by  tying  the  crural  and  the 
brachiaL  It  was  then  found  that  the  flow  of  urine  was 
markedly  increased.  The  pressure  was  afterward  dimin- 
iahetl  by  the  absti-action  of  blood,  which  was  followed  by  a 
corresponding  diminution  in  the  quantity  of  urine/  The 
Bame  phenomena  were  observed  in  analogous  experiments  on 
tlie  submaxillary  secretion. 

These  striking  facts,  as  we  have  already  seen,  do  not  de- 
monstrate that  secretion  is  due  simply  to  an  increase  in  the 

BsiHAKD,  Liqnidea  d4  rorffanitme^  Paris,  1859,  tome  iu,  p.  155,  ei  ug* 
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presanre  of  blood  in  the  glands,  though  this  undoubtedlj 
exerta  an  important  influence.     It  is  necessary  that  every 
condition  should  be  favorable  to  the  act  of  secretion,  for  this 
influence  to  be  eflective.     Experiments  have  shown  that 
pain  IB  capable  of  completely  arresting  the  secretion  of  urine ;  fl 
operating  undoubtedly  through  the  nervous  sy:^teni.    If,  now, 
the  flow  of  urine  be  arrested  by  pain,  an  increase  in  the 
pressure  of  blood  in  the  part  fails  to  influence  the  secretion. 
To  illustrate  this  fact  more  fully,  Bernard  divided  the  nerves 
on  one  side,  through  which  the  reflex  nervous  action  was 
communicated  to  the  kidney,  leaving  the  other  side  intact, 
lie  then  found  that  increase  in  the  arterial  pi-cssure,  accom- 
panied with  pain,  diminished  the  flow  of  urine  on  the  sound  ^ 
side,  through  which  the  nervous  action  could  operate,  and  ^ 
increased  it  upon  the  other/    We  have  already  alluded  to 
the  experiments  in  wliieli  secretion  was  excited  through  the 
nervous  system,  when  the  arterial  pressure  had  been  con- 
siderably diminished.  fl 
The  influence  of  pressure  of  blood  upon  secretion  may,  ^ 
then,  be  summed  np  in  a  few  words :  There  is  always  an  in-       , 
crease  in  the  activity  of  secretion  when  the  pressure  of  blood  fl 
in  the  glands  is  increased,  and  a  diminution  when  the  pres-  ^ 
sure  is  reduced  ;  except  when  there  is  some  modif\'ing  influ-  ^ 
ence  operating  through  the  nervous  system,                            fl 

Injlitence  of  the  Nervotis  System  mi  Secretion, — The  fact 
that  the  secretions  are  generally  intermittent  in  their  flow^ 
being  discharged  in  obedience  to  impressions  which  are  made 
only  when  there  is  a  demand  for  the  exercise  of  their  func- 
tions, would  naturally  lead  to  the  supposition  that  they  are 
regulated,  to  a  great  extent,  through  the  nervous  system ; 
particidarly  as  it  is  now  wx41  established  that  the  nerves  are 
capable  of  modifying  and  regulating  local  circulations.  The 
same  facts  apply,  to  a  certain  extent,  to  the  excretions,  which. 

^  Tbcse  experiments  were  detailed  by  Beraard  in  htt  IcoCuros  at  the  College 
of  Fmnco  in  the  iummer  of  ISGl. 
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>  subject  to  considerable  modifications,  A  few  years 
igo,  indeed,  tJiere  was  considerable  discussion  regarding  a 
snbdirision  of  the  reflex  syBtem  of  nerres,  which  was  snppO€^ 
to  preside  over  secretion,  and  was  called  the  exeito-seeretory 
system.  The  facts  which  led  to  the  description  of  this  sya* 
tern  of  nerves  had  long  been  observed;  and  they  simply  il- 
lustrated the  production  of  Becretion  in  response  to  irritation. 
Dr.  H*  F.  Campbell,  of  Augusta,  Georgia,  publiehed,  in 
i7,  an  essay  on  the  excito-Beeretory  system  of  nerves, 
ived  the  prize  of  the  American  Medical  Assoeia- 
ti' ::  at  year ;  *  and  a  few  months  later,  the  same  idea 

^wput  into  shape  by  Ur.  Marshall  Hall,  who,  however,  yield- 
tLe  priority  to  Dr.  Campbell.  To  Dr*  Campbell  certainly 
►ogs  the  credit  of  proposing  the  theory  that  the  sympa- 
tbetic  eystcm  presides  over  secretion ;  but  in  this  he  only  rea- 
soned from  the  old  experiments  of  Pourfour  du  Petit  and 
others,  and  failed  to  give  any  satisfactory  physiological  de- 
mongtralion  of  his  views. 

In  1.S52,  five  years  before  the  publication  of  Dr.  Camp- 
bell's essay,  in  tJie  course  of  liis  researches  on  the  secretions 
of  the  difterent  salivary  glands,  Bernard  pointed  out  the 
leflex  character  of  the  act  of  secretion,  and  demonstrated 
experimentally  the  influence  of  certain  nerves  upon  the  dis- 
charge of  fluid  from  the  duct  of  the  submaxillary.  These 
experiments  were  the  first  to  give  a  clear  idea  of  the  action 
of  the  nervous  system  npon  secretion,  and  they  have  been 

'  CjJiPBtLL,  Ekmjfl  OH  the  Secretory  and  tJif  Excito-tecrctortf  System  of  NtratM 
h  thiir  Eihtiom  to  Phifnioh^  and  Paihdogy^  PhilAdelpUin,  18D7;  alBo,  Tran»- 
ttHam  t^fthjt  Am^riciin  Medical  jitsoeiaiion  for  185T. 

In  18^0^  Dr.  Campbell  published  in  the  Southern  Medical  and  Surreal  Jour* 
nvl  ui  iSjufi y  on,  the  tnjimtu^  af  Dentition  in  prodacing  Diftrme  ;  in  rbicli  he  r©- 
marki-d  the  fact,  thnt  during  dentitioD^  the  irritation  in  the  mouth  freriuontly  in- 
duc<Kl,  in  additiOQ  to  tlje  usuaI  increase  in  the  salivary  secretions,  an  increased 
ncticm  of  tho  kidneys  and  the  mucous  membrane  of  the  inteatinal  canal.  He 
itates  thai  **  thts  increase  and  change  in  the  Bccrctioa  are  effected  by  the  agency 
of  tlie  altered  function  of  the  nerve  upon  the  arteries  from  which  these  geero- 
tJons  are  eliminated,"  Dr.  CampbeU  supposed  that  tho  nerres  through  which 
operationa  took  place  belonged  to  the  svTnpathetic  system. 
70 
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confirmed  and  extended  by  the  subsequent  observations 
Bernard  and  other  phyj^iobgiste.     The  following  are 
most  important  facts,  taken  from  Bernard,  bearing  upon 
question  imder  consideration :  * 

**  Introducing  into  the  mouth  of  a  dog,  in  which  the  three 
salivary  ducts  have  been  isolated,  a  very  sapid  substance, 
such  as  vinegar,  for  example,  it  is  found  that  the  duet  of  the 
submaxillary  diseliarges  saliva  in  very  great  abundance* 


m 
But,  by  operating  dii'eetly  upon  the  nerve  of  taste  itselCH 
have  been  enabled  to  act  solely  upon  the  special  secretic^ 
and  to  demontstrate  directly  this  intimate  relation  between 
the  secretion  of  the  submaxOlary  saliva  and  the  sense  of  g|fl 
tation. 

"  When  we  divide  in  a  dog  the  lingual  nerve  opposite  tho 
middle  of  the  horizontal  process  of  the  lower  jaw,  and  pifl^l 
the  central  end,  which  is  connected  with  the  encephalon,  ^w 
immediately  see  the  duct  of  the  subraaxillary  excrete  ^saliva 
with  great  activity,  while  the  ducts  of  the  parotid  and  &^M 
lingual,  which  are  not  connected  with  the  sense  of  gustation^ 
remain  perfectly  dry.    This  sort  of  functional  reaction,  which 
irritation  of  the  central  end  determines  exclusively,  in  ^M 
submaxillary  gland,  is  explained,  for  in  operating  thus  we 
produce  in  the  nervous  centre  the  impression  of  exaggerated 
gustatory  sensation,  which  immediately  provokes,  by  an  ao* 
tion  called  reflex,  the  salivary  secretion  destined  physiologi- 
cally to  allay  and  diminish  the  too  acute  impression  of  saj 
substances," 

These  experiments  clearly  demonstrated  the  importance" 
of  the  nervous  influence  in  the  production  of  the  secretions ; 
but  the  more  recent  observations  of  Bernard  show  that  the 
effects  are  produced  mainly  by  increasing  the  activity  of  the 
circulation  in  the  glands.     This  takes  place  in  greatest  p^b 
through  filaments  from  the  sjTnpathetic  system,  which  i^ 

'  BEBNAJtDi  J^herehet  d^muxUmie  d  de  phy^idogie  tompark  mr  l«$  ^ndm9aliU_ 
mires  chez  PKommt  d  Ut  animate  verUl^, — Oompia  rendu*,  Poria,  : 
ixxiv,,  p.  23t)* 
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distiibuted  to  the  muscular  coats  of  the  arteries  of  guppl j. 
When  these  filaments  ai-e  divided,  the  circulation  is  increased 
here,  as  in  other  situations,  and  secretion  is  the  result ;  and, 
if  the  extremity  of  the  nerve  connected  with  the  gland  bo 
galramzed,  contraction  of  the  vessels  follows,  and  tlie  secre- 
tion is  arrested.* 

AVith  regard  to  many  of  the  glands,  Bernard  has  shown 
that  the  influence  of  the  sympathetic  is  antagonized  by  nerves 
derived  from  the  cerebro-spinal  system^  which  he  calls  the 
motor  nerves  of  the  glands.  The  motor  nerve  of  the  siib- 
maxillary  is  the  chorda  tympani ;  and  as  both  this  nerve 
and  the  sympathetic,  together  with  the  excretory  duct  of  the 
gland,  can  be  easily  exposed  and  operated  upon  in  a  living 
animal,  most  of  the  experiments  of  Bernard  have  been  per- 
formed upon  this  gland.  When  all  these  parts  are  ex|iosed 
mnd  a  tube  introduced  into  tlie  salivary  duct,  division  of  the 
•ympathetic  induces  secretion,  with  an  increase  in  the  circu- 
lation in  the  gland,  the  blood  in  the  vein  becoming  red.  On 
the  other  hand,  division  of  the  chorda  tympani,  the  sympa- 
thetic being  intact,  arrests  secretion,  and  the  venous  blood 
coming  from  the  gland  becomes  dark.  If  the  nerves  be  now 
galvanized  alternately,  it  will  be  found  that  galvanization 
of  the  sympathetic  produces  conti'action  of  the  vessels  of  the 
gland  and  arrests  secretion,  while  the  stimulus  applied  to 
the  chorda  tympani  increases  the  circulation  and  excites  se- 
cretion/ 

These  experiments  show  that  the  submaxillary  gland  has 
distributed  to  it  a  special  nerve  which  is  capable  of  exciting 
its  functional  acti%aty,  the  sympathetic  ramifying  upon 
the  walls  of  the  blood-vessels  in  this,  as  in  other  situa- 
tions; and  it  remains  to  see  whether  other  glands  are  like- 
irise  supplied  witli  motor  nerves.  In  his  lectures,  delivered 
iu  1861,  Bernard  announced  that  he  had  demonstrated  the 
existence  of   such   nerves  for  the   other  salivary  glands. 

BcRNARD,  Liq^ida  de  r<trffani»ine^  Paris,  1859,  tome  ii^i  p.  270. 
Op,  «7.,  p.  267,  ^  ley. 
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The  motor  nerve  of  the  parotid  is  derived  from  the  auri- 
cnlo-temporal  branch  of  the  submaxillary  division  of  the 
fifth  pair  ;    and  the  nerve  of   the  fiublingual,  from  the 
hngaal   branch  of   the  fifth.      He  found,  however,  that 
neither  the  parotid  nor  the  subUngnal  was  bo  easily  ex- 
cited to  secretion  by  galvanization  of  the  nerves  a$  the 
submaxillary.      With  regard  to  other  glands,  the  com 
tions  for  experimentation  are  so  difficult,  and  some  of  thei 
as  the  pancreas,  are  m  sensitive  to  irritation,  that  it  is  ira 
eible  to  repeat  on  them  the  experiments  made  upon  the  m 
vary  glands.     Enough  is  known,  however,  of  the  nervo' 
influences  whicli  mc^dity  secretion,  to  admit  of  the  inference^ 
that  all  the  glands  are  possessed  of  nerves  through  whi 
reflex  phenomena,  afleeting  their  secretions,  take  place, 
is  the  motor,  or  functional  nerve  of  the  gland  through  wliii 
the  reflex  action  takes  place;  the  influence  of  tlie  sympi 
tliGtic  being  constant,  and  the  same  as  iu  other  parts  where 
it  is  distributed  to  blood-vessels. 

As  reflex  phenomena  invoh'e  tlie  action  of  a  nervoi 
centre,  it  becomes  an   interesting  question  to  determin^^j 
whether  any  particular  parts  of  tlie  central  nervous  syste^^f 
preside  over  the  various  secretions.    We  must  refer  again  t^^ 
the  exi>eriments  of  Bernard  for  an  elucidation  of  this  ques- 
tion.   If  a  puncture  bo  made  in  the  space  included  between 
the  origin  of  the  pneumogastrics  and  the  auditory  nerves  in 
the  floor  of  the  fourth  yentriclej  there  is  an  increase  in  the 
discharge  of  ui*ine,  and  an  excretion  of  sugar,  from  an  ex- 
aggeration in  the  sugur-producing   function   of  the  liver. 
Irritation  applied  a  little  higher,  toward  the  pons  VaroHi,  just 
posterior  ty  the  origin  tif  the  fifth  pair  of  nerves,  is  followed 
by  a  great  increase  in  the  activity  of  the  salivary  secretion.' 

1868,  tome  L,  pp,  30S-{11>9, 

Thia  opomLion  is  easily  performed  upon  the  rabbity  bypassing  an  inatruiaeat 
directly  through  the  occipitd  boiic^  entering  just  behind  the  protubenincej  utd 
through  the  cerebellum  to  the  medulla  oblongata.  These  exporimflDts  will  be 
more  t\i\\y  described  In  connection  with  ihc  nerroua  svgtem. 
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Mental  emotions,  pain,  and  varions  circmnstances,  tlie 
mflaence  of  which  upon  secretion  has  long  been  observed, 
operate  through  the  nervous  system.  Numerous  familiar 
instances  of  tiii^  kind  are  quoted  in  works  on  physiology: 
such  as  the  secretion  of  tears ;  arrest  or  production  of  the  sali- 
Tary  secretions ;  surhlen  arrest  of  the  secretion  of  the  mam- 
xnary  glands,  from  viulent  emotion  ;  increase  in  the  secretion 
of  tbe  kidneys  or  of  the  intestinal  tract,  firom  fear  or  anxiety ; 
witli  other  examples  which  it  is  unnecessary  to  ennmnerate. 

The  effects,  upon  some  of  the  secretory  organs,  of  de- 
struction of  the  nerves  distributed  to  their  parenchyma 
are  very  curious  and  interesting.  Miiller  and  I^eipei's 
destroyed  the  ner\"es  distributed  to  the  kidney,  and  found 
that  not  only  was  the  secretion  arrested  in  tlie  great  ma- 
jurity  of  instances,  but  that  the  tii?sue  of  the  kidneys  be- 
came softened  and  broken  down,*  These  exjieriments  have 
been  lately  repeated  by  Bernard.  He  found  that  animals 
operated  upon  in  this  way  died,  and  that  the  tissue  of  the 
kidney  was  broken  down  into  a  fetid,  semifluid  mass.  After 
division  of  the  nerves  of  the  salivary  glands,  the  organs  be- 
came atrophied,  but  did  not  undei-go  the  peculiar  putrefac- 
tive change  w^hich  waa  observed  in  the  kidneys.  The  same 
effect  was  produced  when  the  nerve  was  paralyzed  by  in- 
troducing a  few  drops  of  a  solution  of  woorara  at  the  origin 
of  the  little  artery  which  is  distributed  to  the  submaxillary 
gland*' 

General  Structure  of  Secreting  Organs, — ^In  treating  of 
the  mechanism  of  secretion  imd  excretion,  it  has  l>een  evi- 
dent that  all  glandular  organs  must  be  supplied  with  blood 
to  furnish  the  materids  for  secretion,  and  be  provided  %vith 
pithelium,  which  changes  these  matters  into  the  charaeteris- 
\  elements  of  tlie  secretions.     We  can  understand  how  cer- 

^  KlTEixint,  MoKud  de pk^viogigy  Paris,  1851,  tome  L,  p,  39l« 

*  BcftKAKPf  Le^mtur  kaproprUUs  da  iUma  vivani*^  PuriSj  ISflfl,  p.  399. 
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tain  of  the  liquid  and  saline  constituents  of  the  blood  can 
escape  by  exosmosis  through  the  homogeneous  walls  of  the 
capillaries,*  but  the  more  complex  fluids  require  for  their 
formation  a  diflerent  kind  of  action ;  although,  in  the  _ 
of  secretion,  there  is  considerable  transudation  of  liquid  and 
saline  matters,  which  take  up  in  their  course  the  peeulia 
principles  formed  by  the  cells* 

Though  it  13  somewhat  difficult  to  draw  a  line  betwe 
transudation  and  the  simplest  forms  of  secretion,  it  may  ^ 
assumed,  in  generrd  teruis,  that  fluids  which  are  exhaled 
directly  from  the  blood-ves&els,  without  the  intervention 
glandular  apparatus  or  of  a  secreting  membrane,  are  transit^ 
dations;  while  all  fluids  produced  by  simple  membranes,  by 
follicles,  or  discharged  from  the  ducts  of  glands,  are  eecr 
tious.  This  division  places  the  intenuuscular  fluid  and  thil 
fluid  found  in  all  soft  tissues  amoug  the  transudations^  and 
the  serous  and  synovial  fluids  among  the  secretions. 

The  serous  and  synovia!  membranes  present  the  simplesf 
form  of  a  secreting  apparatus.  Blood  is  supplied  to  thei 
in  small  quantity,  and  on  their  free  surfaces  are  arran^ 
one  or  two  layers  of  epithelial  cells  wdiich  efl\3ct  the  sligl 
changes  that  take  place  iu  the  transuded  fluids.  In  son 
of  the  serous  membranes,  as  the  pleura  and  peritoneum, 
amoimt  of  secretion  is  very  small,  being  lianily  more  than  ^ 
vaporous  exhalation ;  but  others,  like  the  serous  pericardium 
and  the  sj^ovial  membranes,  secrete  a  considerable  quantity 
of  fluid.  The  action  of  all  uf  these  membranes  may  become 
exaggerated,  as  a  pathological  condition,  and  the  amount 
their  secretions  is  then  vcrj^  large. 

Anatomists  have  now  a  pretty  clear  idea  uf  the  structure" 
of  what  are  called  the  glandular  organs ;  and  it  will  be  se 
that  they  simply  present  an  arrangement  by  which  the  i 
creting  surlace  is  increased,  and  at  the  same  time  compressed, 
as  it  were,  into  a  comparatively  small  space.     The  mucous 
follicles,  for  example,  are  simple  invei'sions  of  a  portion  of 

*  See  vol  ilj  Absorpdoo^  p.  505, 
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the  mucous  membrane ;  while  the  ordinary  racemose  glands 
are  nothing  more  than  collections  of  follicles  around  the  ex- 
tremities of  excretory  ducts.  These  ideas  concerning  the 
general  anatomy  of  the  glands  date  from  the  obsei^vations 
of  Malpighi,'  who  was  the  flret  to  correct  the  old  notion 
that  the  secretions  were  discharged  into  the  glandular  organs 
through  openings  in  the  blood-vessels.  It  is  evident  that 
Dothing  could  have  been  known  of  the  mechanism  of  secre- 
tion before  the  connection  between  the  arteries  and  veins 
had  been  ascertained,  which,  it  will  be  remembered,  was  also 
discovered  by  Malpighi.  Although  the  Ideas  cjf  Malpiglii 
were  not  at  first  generally  received,  more  recent  observations 
with  the  microscope  have  shown  that  they  were  in  the  main 
correct ;  though^  from  the  imperfection  of  his  optical  instru- 
ments, Malpighi  was  unable  to  investigate  the  minute  struc- 
ture of  the  glands  very  thoroughly. 

Anaicmical  Classification  of  Glandular  Organs, — The 
organs  which  produce  the  different  secretions  are  susceptible 
of  a  classification  according  to  their  anatomical  peculiarities, 
which  greatly  facilitates  their  study.  They  may  be  divided 
as  follows : 

1.  S^^creiing  Tnernbraiies, — Examples  of  these  are  the  se- 
rous and  synovial  membranes* 

%  Follicular  glands, — ^Examplcs  of  these  are  tlie  simple 
mucous  follicles,  the  follicles  of  the  stoinaeh,  the  follicles  of 
Lieberkiihn,  and  the  uterine  follicles. 

3.  T-uhxilar  glands, — Examples  of  these  are  the  cenimi- 
nous  glands,  the  sudoriparous  glands,  and  the  kidneys. 

4.  Bacemose  glands^  simple  and  compound. — ^Examples 
of  the  simple  racemose  glands  are  the  sebaceous  and  Meibo- 
mian glands,  the  tracheal  glands,  and  the  glands  of  Bnmner, 
Examples  of  the  comi>ound  racemose  glands  are  the  salivary 

*  yUi>nQvn^  EztrtitaiiofUM  AneUom%c(K  dt  Stntdum  Vmemm, — Opera  Omnia, 
l«f(L  Butar.,  1687^  tomus  ti.,  p,  267. 
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glands,  the  pancreas,  the  laclirjinal  glands,  and  the  mam 
mary  glands* 

5.  DudUM^  or  hlood-gland^. — Examples  of  these  are  the^ 
thymus,  the  tliyroid^  the  stipra-renal  capsules,  and  tlie  3pleen,,H 

The  liver  is  a  glandular  organ  wliich  cauTiot  be  placed  in  ^ 
any  one  of  the  above  subdivisions^  as  we  shall  see  when  we 
treat  epecially  of  its  anatomy.    Tlie  lymphatic  glands  and 
other  parts  connected  with  the  lymphatic  and  the  lacteal 
§ystem  are  not  embraced  in  the  above  classilieation,*     Tin 
are  sometimes  called  conglobate  glands. 

The  general  structure  of  secreting  membranes  and  the 
follicular  glands  is  very  simple.     The  secreting  partfi  consist 
of  a  membrane,  generally  homogeneous,  on  the  secreting  sur- 
face of  which  are  found  epithelial   cells,  either  tesselat* 
or  of  the  variety  called  glandular.     Beneath  this  mem- 
brane ramify  the  blood-vessels  which  furnish  the  elementi 
of  the  secretions.     The  follicles  are  simply  digital  inversions 
of  this  structure,  with  rounded,  blind  extremities,  the  glan 
dular  epithelium  lining  the  tube. 

The  tubular  glands  have  essentially  the  same  structtin 
as  the  fulhclcs,  except  that  the  tubes  are  long  and  more  or 
less  convoluted.     The  more  complex  of  these  organs  contain 
connective  tissue,  blood-vessels,  nerves,  and  lymphatics.         H 

The  compound  racemose  glands  are  composed  of  branch-™ 
ing  ducts,  around  the  extremities  of  which  are  arranged 
collections  of  rounded  tbllicles,  like  bunches  of  grapes.  In 
addition  to  the  epithelium,  basement-membrane,  and  blood- 
vessels, these  organs  contain  connective  tissue,  fibro-plastic 
elements,  lymphatics,  involuntary  muscular  fibres,  and  nerves. 
In  the  simple  racemose  glands  the  excretory  duct  does  not 
branch. 

The  duetlesfi  glands  contain  blood-vessels,  Ipnphatics, 
nervee*,  s^juietiraes  involuntary  muscular  fibres,  fibro-plastiaj 
elements,  and  a  peculiar  structure  called  pulp,  which  is  com- 

1  For  tiie  afi«iomj  of  die  iTmphatic  ejstcizi)  see  vol  ii.^  Abaorpti<m,  p.  489 
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of  fluid  with  cells  and  occasionally  closed  vesicles. 
beee  are  sometimes  called  blood-glands,  becauge  they  are 
6^pp05cd  to  modify  the  blood  as  it  passes  tlirough  their 
*nfetance. 

The  testicles  and  the  ovaries  are  not  eimple  glandular 
uigans;  for  in  addition  to  the  production  of  mucous  or 
watery  secretions,  their  principal  function  is  to  develop  cer* 
tain  anatomical  elements,  the  spermatozoids  and  the  ova. 
Tlte  physiology  of  these  or*:?ans  will  be  considered  in  connec- 
tion with  the  subject  of  generation* 

Classtjicatian  of  the  Secreted  FluldB, — The  products  of 
tie  various  glands  may  be  divided,  according  to  their  function, 
into  secretions  and  excretions.  The  secreted  fluids  may  be 
subdivided  into  the  permanent  secretions,  wliich  have  a  more 
or  leas  mechanical  function,  and  transitory  secretions  ;  some 
of  the  latter,  like  mucus,  are  thrown  off  in  small  quantity, 
without  being  actually  excrementitious ;  others,  like  most 
of  the  digestive  fluids,  are  produced  intermittently  and 
rapidly,  and  finally  undergo  resorption. 

Tabular  View  of  the  Secreted  Fluids, 

SECRETIONS  PROPER. 

rertnatuni  Fluidt, 
SerouB  fluids. 
SjmoTial  fluid. 
Aqn^ouB  humor  of  the  cje. 
Vitreous  huraor  of  the  eye. 
Fluid  of  the  hibjrlntli  of  the  Interiid  ear. 
Ccphalo-rachidiao,  or  subarachnoid  fluid* 

Tranniofy  Fluidt. 
Hacu^f  in  many  mnetiGd, 
Sebaceouj  mutter. 

Cenunen,  the  waxy  secretion  of  the  external  moatui, 
Heibomkn  fluid, 
mile  and  coloBtnim. 
Teart. 
SaUva. 
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Gastric  juice. 

Pancreatic  juice. 

Secretion  of  the  glands  of  Brunner. 

Secretion  of  the  follicles  of  Lieberkuhn. 

Secretion  of  the  follicles  of  the  large  intestinOi 

Bile  (also  an  excretion). 

BXOSETIOKS. 

Perspiration,  and  the  secretion  of  the  axillary  glando. 

Urine. 

Bile  (also  a  secretion). 

FLUIDS  CONTAINIXa  FOBMED  ANATOMICAL  ELEMENTS. 

Seminal  fluid,  containing,  beside  spermatozoids,  the  secretions  of  a  Dumber  of 

glandular  structures. 
Fluid  of  the  Graafian  follicles. 


CHAPTEE  n. 

8EB0US  AND  SYNOVIAL  FLUIDS — ^MUCUS — SEBACEOUS  FLUIDS. 

Physiological  anatomy  of  the  Berous  and  synovial  membranes — Synovial  fringes 
— ^BarsA— Synovial  sheaths— Pericardial,  peritoneal,  and  pleural  Becre- 
tions — Quantity  of  the  serous  secretions-— Synovial  fluid — ^Mucus — Mucous 
membranes — ^Mucous  membranes  covered  with  pavement-epithelium — Mu- 
cous membranes  covered  with  columnar  epithelium — ^Mucous  membranes 
covered  with  mixed  epithelium — Mechanism  of  the  secretion  of  mucus — 
Composition  and  varieties  of  mucus — ^Microscopical  characters  of  mucus 
— ^Nasal  mucus — ^Bronchial  and  pulmonary  mucus — Mucus  secreted  by  the 
limng  membrane  of  the  alimentary  canal — ^Mucus  of  the  urinary  passages 
— ^Mucus  of  the  generative  passages — Conjunctival  mucus — General  func- 
tion of  mucus — ^Non-absorption  of  certain  soluble  substances,  particularly 
venoms,  by  mucous  membranes — Sebaceous  fluids — ^Physiological  anatomy 
of  the  sebaceous,  ceruminous,  and  Meibomian  glands — Ordinary  sebaceous 
matter — Smegma  of  the  prepuce  and  of  the  labia  minora — Yemix 
caseosa — Cerumen — Meibomian  secretion — Function  of  the  Meibomian 
secretion* 

Physiological  Anatomy  of  the  Serous  cmd   Synovial 
Memhra/nes. 

The  serous  and  synovial  membranes,  which  are  fre- 
quently classed  together  by  anatomists,  present  several  well- 
marked  points  of  distinction,  both  as  regards  their  structure 
and  the  products  of  their  secretion.  The  serous  membranes 
are  the  arachnoid,  pleura,  pericardium,  peritoneum,  and 
tunica  vaginalis  testis.  The  synovial  membranes  are  found 
around  all  the  movable  articulations.  They  also  form  elon- 
gated sacs  enveloping  many  of  the  long  tendons,  and  exist 
in  various  parts  of  the  body  in  the  form  of  shut  sacs,  when 
they  are  called  burses. 
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Serotta  Membranes. — The  structure  of  the  serous  meru 
branes  is  very  einiple.  Tliey  consist  of  a  dense  tissue  of 
fibres,  which  is  fi*equently  quite  closely  adherent  to  the  6u' 
jacent  parts,  and  covered  by  a  single  layer  of  paTcmentj  or^ 
tcsselated  epithelium.  The  fibres  are  mainly  of  the  inelastic 
variety  arranged  in  bundles,  interlacing  each  other  in  the 
form  of  a  close  net- work,  and  mingled  with  email,  war 
fibres  of  elastic  tissue  and  numerous  blood-vessels.  It  haa 
not  been  satisfactorily  demonstrated  that  the  serous  mem- 
branes contain  nerves  and  Ij^tiphatics,  though  the  latter  are 
generally  quite  abundant  in  the  subjacent  parts,  particularly 
beneath  the  \isceral  layei's.'  The  capillary  hlood-veiwels  are 
in  the  furm  of  a  close,  polygonal  not- work,  with  shai*p  angles. 

The  epithelium  of  the  serous  membranes  is  pale,  regular, 
witli  rather  large  nuclei,  and  is  easily  detached  at\er  death,  m 
Todd  and  Bowman  describe  a  delicate  hosemeut- membrane™ 
between  the  fibrous  structure  and  the  layer  of  epithelium,' 
but  others  have  not  been  able  to  distinguihli  it,  and  the  ex-^ 
istence  of  such  a  membrane  is  considered  doid>tful.* 

The^  membranes,  as  a  rale,  form  closed  sacs,  with  their 
opposing  or  free  surfaces  nearly  in  apposition.  The  secre- 
tion, which  is  generally  very  small  in  quantity,  is  contained 
in  their  cavity.  The  exceptions  to  this  are  the  arachnoid 
membrane,  the  surfaces  of  which  are  exactly  in  apposition, 
the  fluid  being  situated  beneath  both  layers,'  and  the  perito- 
neum of  the  female,  which  has  an  opening  on  either  said  tor 
the  Fallopian  tubes. 

Synovial  Memhranm.~T\w  true  synovial  membranes  are 
fonnd  in  the  diarthrodial,  or  movable  articulations ;  but  in 

*  S«e  vol  il,  Absorption,  p.  438. 

*  Todd  axd  Bowman,  Fhyawlofftcal  Anatomy  and  Fhysioio^  ef  Man,  Loo- 
don,  1815,  vol.  I,  p.  180. 

*  BatJn'ojf,  SerouM  and  S^fmoviat  Mfmbrana. — C^tehpmlia  of  Anatomy  tmd 
Phytioloffy^  London,  1847-1849,  toL  Iv,^  part  L,  p.  514. 

*  MAGB3n>ig,  Mimoire  tut^  ttn  liquidt  qui  w  trtmve  dan*  U  crane  tt  U  tanat 
wrtibrai  tfo  Vhomme  et  drt  tmimauz  mammifhn8,-^o\tmd  de  pkytioloijk^  Paris, 
1S26,  tome  v.,  f».  3C. 
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imouB  parts  of  the  body  are  fotmd  closed  sacs,  sUeatlis^  etc., 
Trhicli  resemble  synovial  membranes  botli  tri  structure  and 
function.  Every  movable  joint  is  enveloped  in  a  capsule 
rkicli  is  closely  adherent  to  the  edges  of  the  articulating 
cartilage  and  is  even  reflected  upon  its  snrfaee  for  a  short 
distance.  It  was  formerly  thought  that  these  membranes, 
like  the  serous  sacs,  were  closed  bags,  with  one  layer 
attached  to  the  cartilage,  and  the  other  passing  between 
the  bou^  so  as  to  enclose  the  joint;  but  it  is  now  the 
general  opinion  that  the  cartilage  which  encrusts  the  articn- 
lating  extremities  of  the  bones,  though  bathed  in  g>Tiovial 
fluid,  is  not  itself  covered  by  a  membrane. 

The  fibrous  portion  of  the  synovial  membranes  is  more 
dense  aad  resisting  and  less  elastic  than  the  serous  mem- 
branes. It  is  composed  of  white  inelastic  fibrous  tissue, 
with  a  few  elastic  fibres  and  blood-vessels.  The  latter  are 
penerally  not  bo  numerous  as  in  the  serous  membranes. 
The  internal  surface  is  lined  with  small  cells  of  flattened, 
pavement-epitlieliuni,  with  rather  large,  rounded  nuclei. 
These  cells  exist  in  from  one  to  two  or  four  layers/ 

In  most  of  the  joints,  especially  those  of  large  simj,  as 
the  knee  and  hip,  the  synovial  membrane  is  thrown  into 
foliB  wbich  contain  a  considerable  amount  of  true  adipose 
tissue.  In  nearly  all  the  joints,  the  membrane  presents 
fringed,  vascidar  processes,  called  sometimes  synovial  fringes. 
These  are  composed  of  looped  vessels  of  considerable  size ; 
and  when  injected  they  bear  a  certain  resemblance  to  the 
choroid  ple3cus.  The  edges  of  these  fringes  present  numer- 
ous leaf-like,  membranous  ajjpendages,  of  a  great  variety  of 
curious  forms.  They  are  generally  situated  near  the  attach- 
ment of  the  membrane  to  the  cartilage.  There  is  no  reason 
for  supposing  that  either  the  adipose  folds  or  the  vascular 
fringes  have  any  special  office  in  the  production  of  the 
fynovial  secretion,  different  from  that  of  other  portions  of 
the  membrane,  though  such  a  theory  has  been  advanced* 

*  K6XJ.IKXR,  ffafiilhuch  der  OewrUlehrc  da  Men9chm^  Leipzig.  1867,  S.  201* 
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The  arrangement  of  the  synovial  burssB  is  very  simple.^^ 
Wherever  a  tendon  plays  over  a  bony  surface,  wo  find 
delicate  membrane  in  the  fiirm  of  an  irregidarly-ehap 
closed  sac,  one  layer  of  which  is  attached  to  the  tendon, 
the  other  to  the  bone.  The^e  sacs  are  lined  with  an 
thelium  like  that  foimd  in  the  synovial  cavities,  and  they 
Becrete  a  true  svnovial  fluid.  Numerous  bui'Sie  are  also 
found  beneath  the  skin,  especially  in  part3  where  the  integu-_ 
nient  moves  over  bony  prominences,  as  the  olecranon,  tl 
patella,  and  the  tuberc^itics  of  the  ischium.  These  sac 
sometimes  called  bursse  niucoste,  are  much  more  common 
man  tlian  in  the  inferior  animals,  and  have  essentially  tlio 
game  function  as  the  deep-seated  bursa?.  The  form  of  both 
the  fiuperiieial  and  deep-seated  biirsfe  is  very  irregular,  and 
their  interior  is  frequently  traversed  by  email  bands  of 
fibrous  tissue.  The  synovial  sheaths,  or  vaginal  processea^^ 
line  the  c^inals  in  which  the  long  tendons  play,  particularly^ 
the  tendons  of  the  flexors  and  extensors  of  the  fingers  and 
toes*  Thoy  have  essentially  the  same  structure  as  the 
burs^,  and  present  two  layers,  one  of  which  lines  the  canal, 
while  the  other  is  reflected  over  the  tendon.  The  vascular 
fulds,  described  in  connection  with  the  articular  synovial 
membranes,  are  found  in  many  of  the  burs^B  and  synovis 
sheaths. 
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Pericardial^^  Peritoneal^  and  Pleural  Secretions. — In 
the  normal  condition  of  the  true  serous  membranes,  the 
amount  of  secretion  is  very  small ;  so  small,  indeed,  that  it 
never  has  l>een  obtained  in  quantity  snflicient  for  idtimat^J 
analysis*  It  is  not  true  that  these  membranes  produc^B 
merely  a  vaporous  exiialation.  Their  secretion  is  always 
liquid,  and,  small  as  it  is  in  quantity,  it  can  be  found  in  the 
pericardial  sac,  and  sometimea  in  the  lower  part  of  the  ab- 
dominal cavity.  As  the  only  apparent  function  of  the 
fluids  is  to  moisten  the  membranes,  so  that  the  opposic 
surfaces  can   move  over  each  other  without   undue  fric 
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tioDj  only  enough  fiuid  is  secreted  to  keep  these  surfaces  in 
&  proper  condition.  The  error  frequently  committed  by 
aathors,  in  describing  the  serous  exhalations  as  vaporous, 
18  due  to  tlie  fact  that  a  vapor  is  generally  given  ofl'  when 
the  serous  cavities  are  exposed,  either  in  a  living  animal  or 
in  one  recently  killed.  This  vaporous  exJialation  takes  place 
after  exposure  of  the  parts ;  but  if  the  cavities  be  observed 
without  exposing  the  serous  surfaces  to  the  air,  a  certain 
qaautity  of  liquid  can  l>e  detected.  Colin  always  found 
liquid  in  the  peritoneal,  pericardial,  and  pleural  cavities  of 
animals  recently  killed  or  opened  during  life.  In  these 
cavities  the  opposite  surfaces  of  the  serous  membrane  were 
either  in  contact,  or  the  space  between  them  was  filled  w^ith 
liquid.  In  one  of  the  small  ruminants,  he  removed  the 
muscles  and  the  elastic  tunic  from  the  lower  part  of  the 
abdomen,  exposing  the  transparent  peritoneum,  and  tlirough 
thi^  membrane  couhl  see  liquid  collected  in  the  dependent 
parts.* 

As  far  as  has  been  ascertiiined,  the  secretions  of  the  dif- 
ferent R*rous  membranes  bear  a  close  resemblance  to  each 
other.  They  are  either  colorless,  or  of  a  slight  amber  tinge, 
alkaline  in  reaction,  and  have  a  specific  gravity  of  from 
1012  to  1020*  Their  composition  resembles  that  of  the 
fiemm  of  the  blood,  except  that  the  proportion  of  water  is 
very  much  greater.  They  contain  albumen,  chlorides,  car- 
bonate and  phosphate  of  soda,  and  a  little  glucose.  These 
facts  are  tlie  result  of  observations  upon  the  serous  fluids  of 
some  of  the  inferior  animals ;  *  and  it  is  exceedingly  difficult 
lo  obtain  the  nonnal  fluids  from  the  human  subject.  The 
elaborate  analyses  which  are  sometimes  given  of  the  fluids 
from  the  different  serous  cavities  in  the  human  subject  are 
the  results  of  examinations  of  large  morbid  accumulations,' 


^  CoLtJf,  TraiU  de  pfiy9iolQgie  compark  dm  animattz  domevtiqua^  Paris,  1856, 
be  ii.,  f>.  438. 

'  RoBijf,  Ltfom  tur  la  humevrt^  Pariij  1867,  p,  282^  e£  $eq,    Thia  tuthoi 
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The  nonnal  qnantity  of  pericardial  fluid  in  the  lit 
suljject  is  generally  estimated  at  from  one  to  two  flui- 
drachms.  Colin  found  tliat  the  pericardial  sac  of  the  horse 
contained  from  two  and  a  half  to  three  and  a  half  fluid- 
ounces,  the  cavity  being  exposed  immediately  after  the  death 
of  the  animal  from  hcemorrhage. 

Tlie  quantity  of  fluid  found  iu  the  peritoneal  ca\*ity 
horses  killed  in  this  way  was  from  ten  to  thirty-four  fltiiO 
ounces. 

The  quantity  of  fluid  in  the  pleural  cavity  iu  the  same 
animiLl  was  from  three  and  a  half  to  seven  fluidounces.' 

These  estimates  are  simply  approximative;  but  they give^ 
an  idea  of  the  normal  quantity  of  liquid  which  may  reason-^ 
ably  be  supposed  to  exist  in   the   serous   cavities  of  the 
human  subject.    Judging  from  the  weight  of  a  man  of 
ordinary  size  as  compared  with  that  of  a  horse,  it  may  boH 
stated^  in  general  terms,  that  the  pericardial  sac  containalB 
from  two  and  a  half  to  three  and  a  half  flnidraclims ;  the 
peritoneal  cavity  from   one  to  four  fluidoonees ;   and  the 
pleural  sac  from  three  and  a  half  to  seven  fluidrachms. 

The  fluid  in  the  cavity  of  the  tunica  vaginalis  is  small  in 
quantity,  and  resembles  iu  every  respect  the  peritoneal  secre- 
tion. The  cephalo-racludiimj  or  subarachnoid  fluid  will 
be  described  in  connection  with  the  anatomy  of  the  cerebro- 
spinal nervous  system,  ^m 


jSt/novial  Fluid, — Although  there  is  a  certain  similarity 
between  the  serous  and  the  synovial  membranes,  their  secre* 
tiouB  difler  very  considerably  in  their  physical  and  chemical 
characters.  Like  the  serosities,  the  synovial  fluid  has  simplj 
a  mechanical  function ;  but  it  is  more  viscid^  and  contains 
larger  proportion  of  organic  matter  than  the  serous  flui^ls^ 
The  quantity  of  fluid  in  the  joints  is  sufficieut  to  lubricate 

has  collected  the  kteat  unalysoa  of  the  pleunl  fluid,  Uio  pericardkl  fluid,  tb 
fluid  of  iiacltc9,  aod  the  fluid  of  hydrocele. 
*  Colin,  he,  dt. 
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freely  the  articulating  surfaces.  In  a  horse  of  medium  size 
aad  in  good  condition,  examined  immediately  after  death, 
Colin  found  VG  floidraehma  in  the  Rlioulder-joint ;  1*9 
drachms  in  the  elbow-joint ;  1*G  drachms  in  the  coxo-femoral 
wticulation ;  2*2  in  the  femoro-tibial ;  and  1*9  in  the  tibio- 
tarsal/ 

When  perfectly  normal,  the  Byno^nal  fluid  k  either  color- 
less or  of  a  pale  yellowish  tinge.  It  is  so  viscid  that  it  is 
villi  diffieiilty  poured  from  one  vessel  to  another.  Tliis 
peculiar  character  is  due  to  the  presence  of  an  organic  sub- 
Btwice  called  synovine.  When  this  organic  matter  has  been 
extnieted  and  mixed  with  water,  it  gives  to  the  fluid  the 
peculiar  ^^scidity  of  the  &}Tiovial  secretion.  The  reaction 
of  tlie  fluid  is  faintly  alkaline,  on  account  of  the  pre&ence  of 
a  smdl  proportion  of  carbotiate  of  soda.  The  fluid,  espe- 
riaUy  when  the  joints  have  been  much  used,  usually  con- 
tfuns  m  suspension  pale  epithelial  ccHb  and  a  lew  leucocytes* 
The  following  is  the  composition  of  the  synovial  fluid  of  the 
litunan  subject :  * 

Cornj/osltiOfi  of  the  Synovial  Fluid. 

Vrakf &2800 

Sjnovloe  (ciilletl  alljiunew) - 64  00 

Principles  of  orgMiic  origin  (beloogUig  to  the  Beeond  clasa  of 

Robin), ^0'  estimated. 

Fatty  matter.,. -.. tf'Q^ 

Chloride  or  aodium  )  ^.^ 

Carbonate  of  eoda    f  *'  * 

Photsphftte  of  Ume *  - I'^O 

Ammoaio-mAgnesian  phoaphfttc. .  * - trmcea. 


^»ti€ 


.The  observations  of  Frerichs  indicate  considerable  vari- 
ions  in  the  composition   and  general   charactei-s  of  the 
_^  jovial  fluid,  dependent  upon  use  of  the  joints.     In  a  stall- 
fed  ox  the  proportion  of  water  to  solid  matter  was  969*90 
to  30*10;  and  in  animals  that  took  considerable  exercise, 

*  CoLTX,  op,  dt,^  tome  iL,  p.  440. 

•  Robin,  Lescnt  svr  lt«  knfmun,  Pari*,  1867,  p.  276. 
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the  proportions  were  948*54  of  water  to  51'46  of  solid  matter.^ 
In  tlio  latter  the  fliiitl  was  more  viscidj  and  contained  m^* 
larger  proportion  of  gynovine  with  a  smaller  proportion  of 
ealt^.     It  was  also  more  deeply  colored,   and  contained  a 
larger  nnmber  of  leucocytes. * 

Like  the  serous  fluids,  the  synovial  secretion  is  produced 
by  the  general  surface  of  the  membrane  and  not  by  any 
special  organs.  The  folds  and  fringes  which  have  been 
desc3il>ed  were  supposed  at  one  time  to  be  most  active  in 
secreting  the  organic  matter^  but  there  is  no  evidence  that 
they  have  any  such  office. 

The  aqueous  humor  of  the  eye  and  the  fluid  found  in  the 
labyrinth  of  the  intenial  ear  resemble  the  serous  secretions 
in  many  regards ;  Ijut  these  fluidsj  with  the  vitreous  humor, 
will  be  considered  in  connection  with  the  physiological  anat- 
omy of  the  eye  and  the  ear* 

Mucmis  Memhranes* — The  raucous  membranes  in  dif- 
ferent fnituations  prci^ent  important  peculiarities  in  Btmctnre, 
many  of  wliich  have  already  been  considered.     We  liave 
described,  in  detail,  in  the  preceding  volmneSj  the  mucous 
membrane  of  the  air-passages  and  of  the  alimentary  canal,  in 
connection  witli  the  subjects  of  respiration  and  digestioEL^ 
and  the  membranes  in  other  parts  will  necessarily  be  d^^| 
scribed  in  treating  of  tlie  physiology  of  the  organs  in  which    ' 
they  are  found.     It  will  be  sufficient  at  present  to  take  a 
general  view  of  the  structure  of  these  membranes  and  the 
mechanism  of  the  production  of  the  various  fluids  known 
under  the  name  of  mucus, 

A  distinct  anatomical  division  of  the  raucous  membranes 
may  be  made  into  two  classes,  as  follows :  First,  those  pro- 
vided with  pavement*epithclium ;  and  second,  those  provided 

>  Fkebichs,  in  WAOJfER^  Handw<irtt:rbuchdcrFhif9\QlQgif,  Braunschweig,  1846, 
Band  iu.,  S,  467. 
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with  eolnmnar,  or  conoidal  epithelium.  All  of  the  mucous 
meinbmnes  line  cavities  or  tubes  corainmiicati!i!r  with  the 
exterior  by  the  different  openings  in  the  body. 

The  following  are  the  principal  situations  in  which  the 
fij^t  variety  of  mucous  membranes,  covered  with  pavement- 
epithelium^  are  found :  The  mouth,  the  lower  part  of  the 
.pliaiynx,  the  cesophagus,  tlie  conjunctiva,  the  female  ure- 
^tlira,  and  the  vagina.     In  these  situations  tlie  membrane  is 
compoeed  of  a  chorion  made  up  of  inelastic  and  elastic  fibrous 
ti5ksnej  a  few  fibro-phistic   elements,  with  capillaries,  lym- 
phatics, and  nerves.     The  elastic  fibres  are  small  and  quite 
Hbuudant.     The  membrane  itself  is  loosely  united  to  the 
s^tbjacent  parts  by  areolar  tissue.     The  chorion  is  provided 
^itli  vascnlar  papillae,  more  or  less  marked  ;  but  in  all  situ- 
ations, except  in  the  pharynx,  the  epithelial  covering  filb  up 
tlje  spaces  between  these  papilliTs  so  that  the  membrane  pre- 
sents a  smooth  surface.      Between  the  chorion   and   tlie 
e[»ithelium,  13  an  amorphous  basement-membrane.     The  mu- 
cous glandd  open  upon  the  sui^face  of  the  membrane  by  their 
ducts,  but  the  glandular  structure  is  Bitnated  in  the  submu- 
cous areolar  tissue.     These  glands  have  many  of  them  been 
flescribed  in  connection  with  the  mocous  membrane  of  the 
fiiQuth,  pharynx,  and  cesophagua.*     They  are  generally  sim- 
ple racemose  glands,  presenting  a  collection  of  follicles  ar- 
anged  around  the  extremity  of  a  single  excretory  duct,  lined 
*'or  filletl  with  rounded,  nucleated  epithelium. 

The  pavement-epithelium  covering  these  membranes  ex- 
bta  generally  in  several  layers,  and  presents  great  variety, 
Wh  in  form  and  size.  The  most  superficial  layers  are 
size,  Hattened,  and  iiTcgularly  polygonab  The 
deeper  layers  are  smaller  and  more  rounded.  The  size  of 
tllic^  cells  is  from  ^^^  to  -j^  of  an  inch.  The  cells  are 
pale,  sliglitly  granular,  and  possess  a  small,  ovoid  nucleus, 
witli  one  or  two  nucleoli. 

The  second  variety  of  mucous  membranes,  covered  with 

*  See  vol  it,  Bigcstioti,  p,  160* 


48 


BECHETION. 


hill 


columnar  epithelium,  is  found  lining  the  alimentary  cans 
below  the  cardiac  orifice  of  the  stomach,  the  biliary  pas- 
sages, the  excretory  ducts  of  all  the  ghinds,  the  nasal  pas- 
sages, the  upper  part  of  the  pliarynx,  the  uterus  and  Fallo- 
pian tubes,  the  bronchi,  the  Eustachian  tubes,  and  the  male 
urethra.     In  certain  eituations  this  variety  of  epithelium  is 
provided  on  its  free  surface  with  little  hair-like  process 
called  cilia.     Durieg  life  the  cilia  are  in  constant  motioB 
producing  a  cun*ent  generally  in  the  direction  of  the  mucott 
orifices.     Ciliated  epithelium  is  found  throughout  the  nass 
passages,  commencing  about  tliree-quarters  of  an  inch  within 
the  nose ;  the  upper  part  of  the  pharrax ;  the  posterio 
smface  of  the  soft  palate ;   the  Eustacliiau  tube ;  the  tv-m-l 
panic  cavity ;  the  larynx,  trachea,  and  broueliial  tubes,  uii«j 
til  they  become  less  than  -^  of  an  incb  in  diameter ;  tl 
neck  and  body  of  the  uterus  ;  the  Fallopian  tubes;  the  in-" 
ternal  surface  of  the  eyelids,  and  the  ventricles  of  the  brain. 

This  variety  of  mucous  membrane  is  formed  of  a  cliorion^ 
a  baseiuent-niembrano,  and  epithelium.  The  chorion  is  com- 
posed of  inelastic  and  elastic  fibres,  with  fibro-plastic  ele- 
ments, a  few  unstriped  muscular  fibres,  amorphous  matter, 
vessels,  nerves,  and  lymphatics.  It  is  less  dense  and  less 
elastic  than  the  chorion  of  the  first  variety,  and  is  generally^ 
more  closely  united  to  the  subjacent  tissue.  The  surface  olH 
these  membranes  is  generally  sraootli,  the  only  exception  be- 
ing the  mucous  membrane  of  the  pyloric  portion  of  thi 
stomach  and  the  small  intestines. 

These  membranes  are  provided  with  follicular  gland 
extending  through  their  entire  thickness  and  terminating  irf 
rounded  extremities,  sometimes  single  and  sometimes  double, 
which  rest  npon  the  submucous  Btmcture.    Many  of  then 
are  provi<led  ako  with  simple  racemose  glands,  the  duct 
passing  through  the  membrane,  the  glandular  structure  beii 
Bituated  in  the  submucous  areolar  tissue** 


I 


*  Bee  YOl  i.,  Rcspumtion,  p,  801,  for  a  description  of  the  gtaQduUr 


jH. 


jmsm 


MUCUS, 


49 


The  columnar  epithelium  covering  tliese  membranes  rests 

iiI>on  an  amorplions  structure,  called  basement-membrane. 

It  generally  presents  but  few  layero,  and  sometimes,  as  in 

the  intestinal  canal,  there  m  only  a  single  layer.     The  cells 

are  prismoidal^  with  a  large  free  extremityj  and  a  pointed 

cud  which  u  attached.     The  lower  strata  of  cells  are  shorter 

^nd  more  rounded  than  those  in  the  superficial  layer.     The 

c^lls  are  pale,  very  closely  adherent  to  each  other  by  their 

^i  <Jes,  and  provided  with  a  moderate-sized,  oval  nucleus  with 

*^^e  or  two  nucleoli.     Tlie  length  of  the  cells  is  from  y^  to 

^rft^  of  an  inch,  and  their  diameter  from  j^^  to  y^^  of  an 

^^ch.    When  villosities  exist  on  the  surface  of  the  mem- 

*^i^ncd,  the  celb  follow  the  elevations  and  do  not  fill  up  the 

^pacea  between  them,  as  in  most  of  the  membranes  covered 

"^^ith  pavement-epithelium. 

The  mucous    membrane  of   the  urinary  bladder,   the 
tireters,  and  the  pelvis  of  the  kidneys,  cannot  be  classed  in 
^    '        "fthe  above  divisions.     They  are  covered  ^vith  mixed 
^  ^  am,  presenting  all  varieties  of  form  l>etween   the 

pavement  and  the  columnar,  some  of  the  cells  being  caudate 
and  qm'te  irregular. 

Mechtpfhism  of  the  Secretion  of  Mucus. — ^Ttearly  every 
one  of  the  great  variety  of  fluids  known  under  the  name  of 
mucus  is  composed  of  the  products  of  several  different  glan- 

*  dular  Btmctures.  According  to  Kobin,  mucus  proper  is  pro- 
duce<l  by  the  epithelial  cells  of  that  portion  of  tlie  membrane 
Situated  on  the  surface,  between  the  opening  of  the  so-called 
mucous  follicles  or  glands ;  *  while  the  secretion  of  these 

I  special  glandular  organs  always  possesses  peculiar  properties* 
It  is  tindoubtedly  true  that  certain  membranes  which  do  not 
possess  glands,  as  the  mucous  lining  of  the  uretera  and  a 
great  portion  of  the  urinarj'  bladder,  are  capable  of  secreting 

r  «f  Ike  alf-passagos ;  and  toI.  U.,  Digestion,  pp.  212,  313,  and  389,  for  a  descHp- 
llcm  of  the  glands  of  the  stomach  and  intestines. 

*  RontK,  XffOfif  sur  le§  hamcftrit  F&rii,  I8C(7|  p«  43S. 
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mucue.     The  mucous  membrane  of  tlie  stomach  produces 
alkaline,  viscid  secretion,  during  t!ie  intervals  of  digestion 
when  the  gastric  tubules  do  not  act ;  and  the  gastric  tubule 
during  digcstionj  secrete  a  fluid  of  an  entirely  diflerent  cl 
aeter.     The  fluid  produced  by  the  follicles  of  the  small  in- 
testine likewise  has  peculiar  digestive  properties.      The 
circumi^tance^,  and  the  tact  that  the  entire  extent  of  the  mi 
cons  membranes  is  covered  with  more  or  less  secretion,  shoi 
that  the  general  epithelial  coverijig  of  these  membranes  ii 
capable  of  secreting  a  fluid  which  forms  one  of  the  constitu- 
ents of  what  is  ordinarily  recognized  as  mucus.     It  is  ii^i^^B 
possible,  however,  to  sejiarate  the  secretion  of  the  Buperficial™ 
layer  of  cells  irom  the  other  fluids  that  are  found  on  the 
mucous  membranes ;  and  it  will  bo  more  convenient  to  ri^jfl 
gard  as  mucus,  the  secretion  which  is  found  upon  muconi™ 
membranes,  except  when,  as  in  the  case  of  the  gastric  or  the 
intestinal  juice,  we  can  recognize  a  special  fluid  by  certai^^ 
distinctive  physiological  properties.  ^^ 

In  the  membranes  covered  witli  eylinder-epitheliimi,  which 
are  usually  provided  with  nuinerous  simple  ibllicles,  the  i 
crction  is  produced  mainly  liy  these  follicles,  but  in  part 
the  epithelium  covering   the  general   surface.     The  mem* 
branes  covered  with  pavement-epithelium  usually  contain 
but  few  folhcles,  and  are  provided  witli  simple  racemos 
glands  situated  in  the  sul)niucous  structure,  wliich  are  to 
regarded  rather  as  appendages  to  the  membrane.    The  eeer 
tion  h  here  produced  by  the  epithelium  on  the  free  surfac 
and  is  always  mixed  with  fluids  resulting  from  the  action 
the  mucous  glands. 

There  is  nothing  to  be  said  with  regard  to  the  mechanisB 
of  the  secretion  of  mucus  beyond  what  has  already  beei 
stated  in  connection  with  the  general  mechanism  of  secretion 
All  the  mucous  membranes  are  quite  vascular,  and  the  cell 
covering  the  membrane  and  lining  t!ie  fullicles  and  glands  at*^ 
tached  to  it  have  the  property  of  taking  from  the  blood  the 
materials  necessary  for    the  formation  of   the    eecretion^ 
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These  principles  pass  out  of  tUe  cells  upon  the  surface  of  the 
membraxie  in  connection  with  water  and  inorganic  salts  in 
^ai-iable  proportion.  Many  of  the  cells  themselves  are  des- 
q.a.amated^  and  are  found  in  the  secretion,  together  with  a 
fe"W  leucocytes,  which  are  produced  upon  mucous  surfaces 
^itk  great  facility, 

GmpoeUion  and  VarUHea  qf  MticuB. — In  comparing 

^l^e^eretions  of  the  different  mucous  membranes,  each  one 

^'iJl  be  found  to  possess  certain  distinctive  peculiarities,  more 

^1*  less  marked ;   hut  there  are  certain  general  characters 

^^liich  belong  to  all  varieties  of  mucus.     The  fluid  is  usually 

^  misture  of  tlie  secretion  from  the  simple  membrane  and 

^-he  product  of  its  follicles  or  glandular  appendages,  and  al- 

'^^ays  contains  a  certain  amount  of  desquamated  epithelium  ; 

^Dd  it  is  frequently  possible,  from  the  microscopical  charac- 

t4?r8  of  the  epithelium,  to  indicate  the  part  by  which  any  given 

specimen  of  mucus  was  secreted.     This  desquamation  of 

epithelium  must  not  be  regarded  as  a  necessary  condition  of 

the  secretion  of  mucus,  any  more  than  the  desquamation  of 

tlie  epidermic  scales  is  to  be  regarded  as  a  condition  neces^ 

sary  to  the  secretion  of  perspiration  or  sebaceous  matter.   It 

15  a  property*  of  the  epidermis  and  the  epithelial  covering  of 

mucoas  membranes  to  be  regenerated  by  the  formation  of 

aew  cells  from  below,  the  effete  structures  heing  thrown  off, 

and  the  admixture  of  these  with  mucus  is  simply  accidental. 

The  leucocytes,  formerly  called  mucus^corpuscles,  are  the 

result  of  irritation  of  the  mucous  membrane,  and  are  not 

constant  constituents  of  normal  mucus* 

All  the  varieties  of  mucus  are  more  or  less  viscid ;  but 
this  character  is  very  variable  in  the  secretions  from  differ- 
ent membranes,  in  some  of  them  the  secretion  being  quite 
fluid,  and  in  others  almost  semisolid. 

The  different  kinds  of  mucus  vary  considerably  in  general 
appearance*  Some  of  them  are  perfectly  clear  and  colorless ; 
but  the  secretion  is  generally  grayish  and  semitransparent. 
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Examiiied  by  the  microscope,  in  addition  to  the  mixture  of  ^ 
epithelium  and  occasional  leucocj^es^  which  give  to  the  fluid 
it»  Bemiopaque  character,  the  mass  of  the  secretion  presents  a 
very  finely  striated  appearance,  as  though  it  were  composed 
of  thin  la^^ers  of  a  nearly  transparent  substanccj  with  many 
folds.  These  delicate  strm  do  not  usually  interlace  with 
each  other,  and  are  rendered  more  distinct  by  the  action  of 
acetic  acid.  This  appearance,  with  the  peculiar  effect  of 
the  acid,  is  characteristic  of  mucus.  Some  varieties  of  mu- 
cus present  very  fine,  pale  granulations  and  a  few  small  glob- 
ides  of  oil. 

On  the  addition  of  water,  mucus  is  somewhat  swollen, 
but  18  not  dissolved.  An  exception  to  this  is  the  secretion 
of  the  conjunctival  mucous  membrane,  which  is  coagulated 
on  the  addition  of  water. 

As  a  rule,  the  reaction  of  mucus  is  alkaline;  the  only 
exception  to  this  being  the  vaginal  mucus,  which  is  very 
fluid  and  distinctly  acid. 

It  is  exceedingly  difficult  to  get  an  exact  idea  of  the  prox- 
imate composition  of  normal  mucus,  from  the  fact  that  the 
quantity  secreted  by  the  meniliranes  in  their  natural  condi- 
tion is  very  small,  being  just  suflicient  to  lubricate  their 
surface.  All  varieties,  however,  contain  a  peculiar  orgiinic 
principle,  calk>d  mucosine,  which  gives  the  fluid  its  peculiar 
viscidity  They  likewise  present  a  considerable  variety  of 
inorganic  saltt? ;  as  the  chlorides  of  sodium  and  potassium^ 
alkaline  lactates,  carbonate  of  soda,  pliosphate  of  lime,  a 
email  proportion  of  the  sulphates,  and,  in  some  varieties, 
traces  of  iron  and  silica.* 

Of  all  these  constituents,  mucosine  is  the  most  important, 
as  it  gives  to  the  secretion  its  characteristic  properties.  Like 
all  other  organic  nitrogenLzeii  principles,  mucosine  is  coagula- 
ble  by  various  reagents.  It  is  imperfectly  coagulated  by  heat ; 
and  after  desicciition  can  be  made  to  assume  its  peculiar  con- 

'  SmoK,  Artitnnl  ChrmUtty  tcifh  refeitenct  to  tha  FkytAoloffy  and  JPathoiif^  t*/ 
Jfan^  rhikdelphia,  ISlij,  p.  351. 
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fcistmce  by  the  addition  of  a  small  quantity  of  water.  It  is 
coagtdated  by  acetic  acid  and  by  a  small  quantity  of  tlie 
BtTong  mineral  acids,  being  redissolved  in  an  excess  of  the 
letter.  It  is  also  coagulated  by  strong  alcohol,  forming  a 
iil)rmou3  clot  sol  able  in  hot  and  cold  water,  Mncosine  may 
be  readily  isolated  by  adding  water  to  a  specimen  of  nor- 
mal mucas,  filtering,  and  precipitating  with  an  excess  of 
alcohol,  II*  this  precipitate,  after  having  been  dried,  be  ex- 
posed  to  water,  it  assumes  the  yiscid  coneiBtence  peculiar 
to  mncosine.  This  property  servos  to  distinguish  it  froio 
ttlbomen  and  other  organic  nitrogenized  principles. 

Ndiol  Jfuem. — The  nasal  mucus,  being  subject  to  so 
wiauy  changes  from  irritation  of  the  Schneiderian  membrane, 
presents  considerable  variation  in  its  appearance  and  compo- 
cition.  Uniler  perfectly  normal  conditions,  it  is  very  viscid, 
clear  or  slightly  opaque  and  grayish,  and  strongly  alkaline. 
h always  contains  mare  or  less  columnar  epithelium.  In  its 
l>eliavior  to  various  reagents,  it  presents  the  characteristics 
which  we  have  ascribetl  to  the  secretions  of  the  mucous 
JiierriLrsnes  generally.  The  following  is  the  composition  of 
fbe  jioniifil  secretion : 


Composition  of  Nmal  Mmus.^ 

w»tef •..     m^*m  to  947*00 

Macofilnc  (with  a  tnco  of  tilbumeu  ?  }. 53*80  **  GiSO 

Z^U(«  of  «oia  («) 1*00  "  0^00 

Ofi^ntc  cryFUlilne  pHnctpleii 2"(K)  '*  1  0,^ 

Fallf  11UI1.UT9  and  cbolestcrme. ..«..,«. not  eatimated  5'0l 

dUorides  of  sodium  and  potai^i^iuin  ......«*«..          5*dQ  to  fi*09 

Cakaxvous  and  alkaline  phospliatc«. 3*50  "  2*00 


SttJphAte  and  curbonatc  offioda. 


U'90  not  CBtinuited. 


Sronchial  and  Pulmonary  Mucus. — This  is  the  secre- 
tion of  the  general  mucous  surface  of  the  larynx  and  bron- 
chifil  tul>es,  mixed  with  the  products  of  the  glands  situated 
in  the  substance  of  these  membranes  and  in  the  gubinucous 

^  RootN,  Lepom  *ur  la  humcnn^  FnriSf  1867,  p.  iSO. 
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tissue.     In  addition  to  tliis  secretion,  there  is  an 
tion  of  watery  vapor  containing  traces  of  oi^anic  matter, 
coming  from  the  air-cells  and  tlie  broiieliial  tubes  less  than 
j^  of  an  incli  in  diameter,  which  are  not  provided  ^ritli  nm-^ 
eons  glands.     This  variety  of  macns  is  alkaline  and  is  quit^H 
Bimilar  to  nasal  mncns  in  its  appearance  and  general  char- 
acters.   The  following  is  an  analysis,  by  Naese,  of  the  secre-, 
tion  expectorated  in  tlie  morning  by  a  healthy  man : 

Cmnpasitimi  of  Bronchial  and  Pulmonary  Mucub,^ 

Wftter * 960-520 

Mucosinef  wUh  a  little  nlbumea ...*,. 23*754 

Watery  eitract S-tXJO 

Alcoh(jUc  extract. 1*810 

Fat.. ..,..,. 2-887 

Chloride  of  sodium. 5'825 

Sulphate  of  aoda 0'4CK) 

Curbonate  of  soda 0*198 

Phosphate  of  aoda 0*080 

Phosphate  of  lime,  with  traces  of  iron. 0*974 

Carbouato  of  lime, ,  0*2^1 

SUica  and  sulphate  of  lime » » 0*265 

1,UOO'000 

Mucus  secreted  hy  the  Mucous  Membrane  of  the  Al 

mentary  CanaL — Tliroiigliout  the   alimentary  canal,  froi3 
the  month  to  the  amis,  the  lining  membrane  secretes  a  cer^ 
tain  quantity  of  mucns,  which  does  not  differ  very  mnch 
from  the  muens  fbnnd  in  other  situations.     This  secretion 
appears  to  take  place  independently  of  the  act  of  digestion,  ^ 
and  the  mncns  in  most  parts  of  the  tract  is  not  known  to^i^ 
possess  any  pccnliar  digestive  properties.    By  ligating  all  of 
the  salivary  ducts,  the  Iniccal  mucns  has  been  procured.    This 
secretion  is  produced  by  the  cells  covering  the  general  surface 
of  the  membrane,  and  ia  mbced  with  tlie  secretion  of  the  lEOi^M 
lated  follicular  and  racemose  glands  of  the  month.    An  ana^J 

*  Xassk,  tffber  die  B&ihindiheUe  dc*  fwrmalen  Si*hlfitn4  dtr  Lu/hter^, — Jimr- 
ttal /lit  prtdiUche  Chemk^  Leipzig,  1843,  Bd.  Xiix.,  S.  fi.V 


ogoas  secretion  is  produced  by  the  mucous  metDbrane  of 
tbepkarjra  and  cesophagns/  During  the  intervals  of  di- 
jre&tion,  a  viscid,  alkaline  secretion  covers  the  mucous  mem- 
Iraiie  of  the  stomach.  Tlie  digestive  secretions  of  the  small 
intestine  are  so  viscid  that  it  has  been  found  impossible  to 
«epar»te  them  from  the  true  mucous  secretion ;  but  un- 
ditubtedljr  a  secretion  of  ordinary  mucus  is  constantly  taking 
place  from  the  lining  membrane  of  both  the  small  and  the 
large  intestine.  This  secretion  probably  has  a  purely  me- 
clianical  function,  serving  to  lubricate  the  membranes  and 
&<jilLtate  the  movements  of  the  opposing  surfaces  against 
<^li  other. 

Tlie  raucous  membrane  of  the  gall-bladder  produces  quite 
aa  abundant  secretion ;  but  this  is  always  mixed  with  the 
l^ile,  and  will  be  considered  in  connection  with  tho  composi- 
tion of  this  fluid,  though  it  is  not  known  to  pos&es^  any  pe- 
Ccoliar  properties. 
Mucus  of  the  Urinary  Pmsages, — A  small  quantity  of 
mucus  is  gecreted  by  the  urinary  passages.     This  is  f*resent 
in  the  normal  urine,  in  the  form  of  a  very  slight,  cloudy  de- 
^isit,  "which  forms  after  the  urine  has  been  allowed  to  stand 
for  a  few  hours.    A  certain  amount  of  secretion  takes  place 
from  the  mucous  membrane  of  the  bladder,  which,  as  we 
have  seen,  does  not  possess  glands  except  near  the  neck. 
This  secretion  takes  place  in  very  small  quantity,  and  may 
be  recr»gnized  in  the  urine  by  the  ordinary  microscopical 
elinrarf  r-r:^  of  niucui?. 

JIhcu^  of  the  Generative  Passages, — Tlie  vagina  secretes 
a  small  quantity  of  mucus,  which  difiers  from  the  secretions 
of  the  other  mucous  membranes  in  being  distinctly  acid  and 
lost  entirely  wanting  in  viscidity.  The  mucus  of  the 
beck  of  the  uterus  is  clear,  viscid,  and  distinctly  alkaline. 
Thi©  is  ordinarily  produced  in  stiiall  quantity,  but  is  very 

*  See  vol.  ii.^  Digeftba,  p.  166, 
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abundant  during  pregnancy.  It  is  the  re^nlt  of  the  action 
cliieflj  of  the  large,  rounded  glands  found  in  tliis  situation. 
The  mucus  of  the  hody  of  the  uterus  and  of  the  Fallopian 
tubes  is  alkaline,  of  a  grayit^li  color,  and  slightly  viscid. 
The  secretions  of  these  parts  are  greatly  modified  during 
menstruation.  These  considerations,  howerer,  belong  proi>- 
erly  to  the  subject  of  generation,  and  will  be  taken  up  more 
fully  in  another  volume. 

Conjunetiml  Muctcs.-^A  small  quantity  of  a  viscid  se- 
cretion constantly  covers  the  conjunctival  mucous  membrane, 
and  is  a  mixture  of  the  secretion  of  the  membrane  itself 
with  the  fluid  produced  by  the  little  mucous  glands  foimJ 
near  the  internal  angle  of  the  eye.  A  peculiarity  of  this 
variety  of  mucus,  mentioned  by  Rubin,  is  that  it  becomes 
M'hitCj  like  coagulated  albumen,  by  the  action  of  pure  water.* 

A  peculiarity  of  the  mucus  from  the  conjunctiva,  the 
urethra  of  the  male,  and  the  vagina,  is  that  tliey  readily  be- 
come virulent  when  secreted  in  abnormal  quantity.  They 
then  contain  a  large  number  of  leucocytes,  and  have  a  more 
or  less  purifonn  character;  but  the  virulent  principle  is  eon* 
tained  in  the  clear  liquid. 

General  Inunction  of  Jfucu^. — The  snicKitli,  Tiscid,  and 
adhesive  character  of  mueos^  forming,  as  this  tluid  does,  a 
coating  for  the  mucous  membranes,  serves  to  protect  these 
parts,  enables  their  surfaces  to  move  freely  one  npon  the 
other,  and  modifies  to  a  certain  extent  the  proce^^s  of  absorp- 
tion. This  function  is  entirely  independent  of  the  function 
of  mme  of  the  mucous  glands,  as  the  folUules  of  Lieberkiilm, 
which  produce  secretions  only  at  particular  times. 

Aside  from  the  mechanical  functions  of  mucus,  it  has 
been  shown  that  this  fluid,  in  connection  with  the  epithelial 
covering  of  the  mucous  membranes,  is  capable  of  preventing 
the  absorption  of  certain  principles.    It  is  well  known,  for 

'  RoDijr,  XffoiM  9ur  Un  humeuny  Pans,  1867,  p.  447. 
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example,  that  venoms  may  Le  applied  with  impunity  to 
certain  mucous  surfaces,  wliile  they  produce  prisonous  effects 
if  mtroduced  into  the  circulation.  These  agents  are  not 
nentrab'zed  by  the  Becxetions  of  the  parts,  fur  tliey  will 
produce  their  characteristic  effects  upon  the  Byetem  when 
removed  from  the  mucous  surfaces  and  introduced  into  the 
circulation  ;  and  it  is  reasonable  to  suppose  that  the  niucons 
membranes  are  capable  of  resisting  their  absorption*  This 
fact  is  proven  by  the  following  interesting  exi>eriment  de- 
tailed by  Kobin : 

Let  an  endosmometer  be  constructed,  using  a  fresh 
mucous  membrane,  on  the  surface  of  which  the  epithelium 
and  layer  of  mucus  remain  intact,  and  in  the  interior  of 
the  apparatus,  place  a  saccharine  solution,  and  let  the  mem- 
brane he  exposed  to  a  solution  containing  BC»me  venomous 
fluid.  The  liquid  will  mount  in  tlie  interior  of  the  ap- 
paratus, but  the  poison  will  not  penetrate  the  merabranc 
If  the  mucus  and  epithelium  be  now  removed  with  the 
finger-nail  from  even  a  small  portion  of  the  membrane,  the 
poison  will  immediately  pass  through  that  part  of  the  mem- 
br&ne,  and  an  animal  may  be  killed  with  the  fluid  which 
now  penetrates  into  the  interior  of  the  endosmometer/ 

These  facts  show  that  mucus  is  an  important  secretion. 
It  not  only  has  a  useful  mechanical  function,  but  it  is  in  all 
pmbability  clijsely  connected  with  some  of  the  phenomena 
of  elective  absorption  which  are  so  often  observed,  particu- 
larly in  the  alimentary  canal. 


SSacmus  Fluids, 

The  general  cutaneous  surface  is  constantly  lubricated 
by  a  small  quantity  of  a  peculiar  oily  secretion,  called 
sebum,  or  sebaceous  matter.  This  secretion  is  somewhat 
modified  in  certain  situations,  and  an  analogous  fluid  is  pro- 
duced by  glands  of  a  peculiar  structure  opening  into  the 

'  Ro&tK,  Ltfom  9ur  la  hwnettrM,  Farii,  1867,  p.  4SD. 
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external  meatus  of  the  ear.     Another  fluids  vi*fy  mucU  lik^ 
the  ordinar}"  sebaceous  matter,  is  smeared  upon  the  edgcjs  of 
the  eyelids.     These  secretions,  called  respectively  cerumer 
and  Meibomian  fluid,  resemble  the  secretion  of  the  ordinary- 
sebaceous  glands  sufficiently  to  be  classed  with  it. 

Physiological  Anatomy  of  the  Sebaceous^  Ceruminoui^ 
and  Meihomian  Olands, — The  true  sebaceous  glands  are 
found  in  all  parts  of  the  body  that  are  provided  with  hair; 
and  as  nearly  every  part  of  the  general  surface  presents 
either  the  long,  the  short,  or  the  downy  hairs,  these  glands 
are  very  generally  ditstrlbuted.  They  exist,  indeed,  in 
greater  or  less  numbers  in  all  parts  of  the  skin,  except  the 
palms  of  tliQ  hands  and  the  soles  of  the  feet.  In  the  labia 
minora  in  the  female^  and  in  portions  of  the  prepuce  and 
glans  penis  of  the  male,  parts  not  provided  with  hair,  small 
racemose  sebaceous  glands  are  found,  which  produce  secre- 
tions differing  somewhat  from  that  formed  by  the  ordinary 
glatitls.  The  glands  in  the  areola  of  the  nipple  in  the  female 
arc  very  large,  and  are  connected  witli  small,  downy  hairs, 
Kollikcr  has  observed  these  glands,  not  connected  with  haira» 
upon  tlie  nipple  of  the  male/ 

Nearly  all  of  the  sebaceous  glands  are  either  simple 
racemose  glands,  that  is,  presenting  a  number  of  tbllieles 
connected  with  a  single  excretory  duct,  or  compound  race- 
mose glands,  presenting  several  ducts,  with  their  follicles, 
opening  by  a  common  tube.  Although  there  is  this  differ^ 
ence  in  the  size  and  arrangement  of  the  glands  of  the  gen- 
eral surfiice,  they  secrete  essentially  the  same  fluid,  and  their 
anatomical  differences  consist  simi>ly  in  a  multiplication  of 
follicles. 

The  differences  in  the  size  of  the  sel^aceous  glands  bear  a 
certain  relation  to  the  size  of  the  hairs  with  which  they  are 
connected;  and,  as  a  rule,  the  largest  glands  are  connected 
with  the  small,  downy  hairs.     These  distinctions  in  size  are 
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fi<>  marked,  that  the  glands  may  be  dirided  into  two  classes ; 
'^.j  those  connected  with  the  long  hairs  of  the  head,  face, 
chest,  axilla,  and  genital  organs,  and  tlie  coarse,  short  hairs, 
Mid  those  connected  with  the  fine,  downy  hairs,  A  few 
B^all  simple  follicles  are  found  in  the  parU  not  provided 
^tli  hairs/ 

The  glands  connected  with  the  larger  hair-follicles  are 
^»f  tl»e  simple  racemose  variety,  and  are  from  -pjir  *<^  iV  ^f  ^^ 
inch  in  diameter.  From  two  to  five  of  these  glands  are  gen- 
emlJy  fonnd  arranged  around  the  follicle.  They  discharge 
their  secretion  at  abont  the  junction  of  the  upper  third  with 
the  lower  two-thirds  of  the  hair-follicle,*    The  follicles  of  the 

rlong  hairs  of  the  scalp  are  generally  provided  each  with  a 
pair  of  sehaeeous  glands,  measuring  from  j^  to  ^^  of  an 
inch  in  diameter.  Encircling  the  hairs  of  the  beard,  the 
cliest,  axilla,  and  genital  organs,  are  large  glands,  some  of 
them  ^  of  an  inch  in  diameter,  arranged  in  groups  of  from 
four  to  eight. 

The  glands  connected  with  the  follicles  of  the  small, 
downy  hairs,  are  so  large,  compared  with  the  hair-follicles, 
that  tie  latter  seem  rather  as  appendages  to  the  glandular 
structure.  These  glands  are  of  the  compound  racemose 
variety^  and  present  sometimes  as  many  as  fifteen  cnU-d^ 
9ac.  The  largest  are  found  on  the  nose,  the  ear,  the  carun- 
cula  lachrymalis,  the  penis,  and  the  areola  of  the  nipple, 
where  they  measure  from  ^  to  ^  of  an  inch.  The  glands 
connected  with  the  downy  hairs  of  other  parts  are  usually 
emaller.  The  glands  of  Tyson,  situated  upon  the  corona  of 
the  glans  penis  and  behind,  upon  the  cervix,  i>re  sebaceous 
glands  of  the  compound  racemose  variety/ 

The  minute  structure  of  the  sebaceous  glands  is  very 

'  KoLLiKEn,  H(m&udk  dfr  OmeMekrt  det  Mm$ehm,  Leiprig,  1867,  S.  146. 
»  See  Fig.  5,  page  125. 

•  A  rery  ftill  and  aaUflfftctory  account  of  tlie  diatribution  aud  general  anatr 
of  llie  sebaceous  glands  b  lo  be  found  in  Kolli&kr,  Manual  of  Human 
k  AnaUmy,  London,  l86Qj  p.  135,  «<  aej.,  and  in  the  later  German 
1^  LeSpzig,  1867,  S.  Ii6,  d  nq. 
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simple.  The  follicles  which  compose  the  simple  glaods,  and 
the  follicular  terminations  of  the  simple  and  compound  race- 
mose glands,  are  fonned  of  a  delicate,  structureless  or  slightly 
granular  membrane,  with  an  external  layer  of  inelastic  and 
small  elastic  fibres,  and  are  lined  by  cells,  Next  tlie  me 
brano  the  cells  are  jjolyhcdric,  pale,  and  gramilar,  most  - 


Fio.  1. 
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them  presentiuf^  a  nucleus  and  n 
cleolus ;  bat  the  follicle  itself  coi 
tains  fatty  granules  and  the  otln 
constituents  of  the  sebaceous  mat- 
ter, with    cells  filled    with    fatty 
particles.     These  cells  abound 
the  sebaceous  matter  as  it  is  d 
charged  from  tlie  duct.     The  greal 
quantity  of   fatty   granules     and 
globules  found  in   the  ducts  and 
follicles  of   the  eebaceims  glands 
renders  them  dark  and  opaque  wheil^| 
examined  with  the  microscope  by 
transmitted  liglit,   and   their    ap 
pearance  is  quite  distinct ive.     The 
lai^ger  glands  are  stirrounded  with 
capillary  blood-vessels. 

The  ceruminous  glands  of  th© 
ear  ]>ruduce  a  secretion  resembling 
the  sebaccHius  matter  in  many  re- 
gards, but  in  tlieir  anatomy  they 
almiist  identical  with  the  su- 
doriparous glainls*  They  l>elong 
to  the  variety  of  glands  called 
tubular,  and  consist  of  a  nearly  straight  tube  which  pene- 
trates the  skin,  and  a  rounded  or  ovoid  coil  situated  in  the 
subcutaneous  structure.  These  glands  are  found  only  in  the 
cartilaginous  portion  of  the  external  meatus,  where  they 
exist  in  great  nutnliers.  They  are  rather  more  numerous 
in  the  inner  than  in  the  outer  half  of  the  nioatus. 
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Tlie  dnets  are  short  ainJ  nearly  straight,  simply  penetrating 
tlie  different  layers  of  the  skin,  and  are  from  y^^  to  ^j^  of  an 
im'liin  diameter.  Their  openings  are  rounded  and  al>c»ut  -g-^ 
of  an  inch  in  diameter.  They  Bumetimes  terminate  in  the 
upper  part  of  one  of  the  hair  follicles.  They  pre^^cut  an  ex- 
tenuil  coat  of  white  fibrous  tissue,  and  are  lined  with  several 
layers  of  small,  pale,  nudeated  epithelial  celR 
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li  3,  a,  Serle*  of  hulr  ucc  of  tho  nklii ;  I,  i, 
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mmlaoiiB  irlAtnln ;  1,1,  <  f  njininMiifi  •.Muntj^   wnn   mv  dticu  divldt>d;   8,  t*, 
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The  glandular  coil  is  an  ovoid  or  rounded,  brownish 
of  from  yl^  to  ^  or  -jV  of  an  inch  in  diameter.  It 
i«  rimply  a  convoluted  tube,  continuous  with  the  excretory 
duct  and  terminating  in  a  somewhat  dilated,  rounded  ex- 
tremity. It  presents  occasionally,  gmall,  lateral  protrusion?. 
Tlie  diameter  of  the  tube  is  from  yj^  to  ^h^  of  an  inch*     It 

possesses  a  fibrous  coat  with  a  longitudinal  layer  of  invol- 
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tintaiy  muecular  fibres,  and  externally  a  few  elastic  fibres 
It  is  lined  by  a  single  layer  of  in*egularly-polygonal  cells, 

from  YihiF  ^^  rsVir  of  ^^  i^^^^'i  i^  diameter.  These  cells  ron- 
tain  numerous  brownish  or  yellowish  pigmentary  graniiks. 
The  tube  forming  the  gland  contains  a  clear  fluid  mixed 
with  a  granular  substance  containing  cells.* 

In  addition  to  the  cermninous  glands  of  the  ear,  numer- 
ous sebaceous  follicles  are  found  connected  with  the  hair- 
follicles  here,  as  in  other  parts  provided  with  hair.  The 
arrangement  of  the  ordinarj^  sebaceous  glands  and  the  ceru- 
nil  nous  glands,  which  are  situated  in  different  planes  in  the 
guboutaneous  stnictiire,  is  shown  in  Fig,  2. 

The  Meibomian  glands  of  the  eyelids  ha%*e  essentially 
the  same  structure  as  the  ordinary  sebaceous  glands.  Their 
ducts,  however,  are  longer,  and  the  terminal  follicles  are  ar- 
ranged in  a  peculiar  manner  by  the  sides  of  the  tubes,  along 
their  entire  length. 

These  glands  are  situated  partly  in  the  substance  of  the 
tarsal  cartilages,  between  their  p^)6terior  surfaces  and  the 
conjunctival  mucous  membrane.  They  are  placed  at  right 
angles  to  the  free  border  of  the  eyelids,  opening  upon  thi 
inner  edge,  and  occupiiing  the  entire  wndthof  the  cartilage 
From  tweti ty*tive  to  thirty  glands  are  found  in  the  upp 
aud  from  twenty  to  twenty-five  in  the  lower  lid. 

Each  gland  consists  of  a  nearly  straight  excretory 
from  ^^  to  y^  of  an  iiieli  in  diameter,  comrimnicatinj 
laterally  with  numerous  compound  racemose  acini,  or  co| 
lections  of  follicles,  measuring  from  yf^  to  j^  of  an  in  ell 
From  fifteen  to  twenty  of  these  coUcctious  of  folUcles  ar 
found  on  either  side  of  the  duct  in  glands  of  medium  lengtb 
Most  of  the  excretory  ducts  are  nearly  straiglit,  but  somi 
are  turned  upon  themselves  near  their  upper  extremitj 
The  general  arrangement  of  these  glands  is  shown  in  Fig, 

*  The  moiisutvtBcnts  of  ihcne  tutiea  and  ce\U  ftre  taken  fh»m  Kulliker  {ap^ 
fi/.,  1800,  p.  133^ 

'  SAirmr,  IVaUi  d^nnaiomie  dt^sfriptwc^  Piirii,  1$52,  toma  ll»  p.  698, 
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^'sebaceous glands.  They 
*i^  lined  with  cells  meas- 
iiring  from  ^^  to  rrw^ 
of  an  inch   in  diameter. 
These  cells  contain  niiiue- 
fOQs  fatty  globulea,  Imt 
they  do  not  coalesce  into 
large  drops,  such  as  arc 
rften  seen  in  the  ordinary 
fiebaceotis  cells/    The  fol- 
licles and  dacta  are  filled 
irith  the  whitish,  oleagi- 
(fious  matter  ^fhich   con- 
itutes    the    Meibomian 
ecretton,  or  the    sebum 
palpebrale. 

In  addition  to  the 
teilK>inian  secretion,  the 
edges  of  the  palpebral 
orifice  receive  a  small 
amount  of  secretion  from 
ordinary  sebaceous  glands 
uf  the  compound  race- 
in«3se  variety  (ciliary 
glandi;),  which  are  ap- 
pended in  pairs  to  each 
and  the  sebaceoiu^  glands 
canmcula  lachrymalis. 


MciTbomian  f:^ancl9  of  the  upper  ltd,  inflcmlfl<?d 
Mc'VL'U  iHanieti'mtx  1,1.  Frvt?  h<irtler  of  thr  Ud ; 
2.2.  Anterior  I'm  peiielmted  hv  Ibc  uyiL-ij-hes  ; 
8,  3.  I\>!iteriur  Up,  with  thocmeliint:i»  o"f  (b«  Mel- 
boinlmi  eland* ;  4,  A  jelima  pfiiartlnir  obliqafly 
at  the  ftaniinit ;  B,  AuotlitT  tfljind  In-nt  upon 
itst'lf;  n, «,  Two  tjlandfl  intheformof  ruccinone 
i:lnnd»  at  their  <jrl|jlu :  7,  A  yery  f-m&il  Kis>»d: 
8,  A  mivlium-5*i«oa  pUind.  (Sapppy,  TraifS 
iranatOffiU,  Paria,  18a2,  tonic  tL,  p.  507.) 

of  the  folllelcs  of  the  eyelashes, 
attaeljcd  to  the  small  hairs  of  the 


Ordinary  Sebaceous  Matter, — Although  it  may  be  in- 
ferred, from  the  great  number  of  sebaceous  glands  opening 

KiiLLULESi  Bandltnich  der  OeweMehrc  dct  Jfcfuchcn^  Leipzigi  1B67,  S.  6V8. 
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npon  the  cutaneous  surfiice,  that  the  amount  of  Bebaceov 
matter  must  be  considerable,  it  has  been  impossible  to  colic 
the  nurmul  fluid  lu  quantity  sufficient  for  ultimate  analysit 
In  certain  parts,  as  tlio  f^kiu  of  the  nose,  where  the  gland 
are  particularly  abundant^  a  certain  amount  of  oily  secre- 
tion k  Bometimes  ohserved,  giving  to  the  surface  a  greasj 
glistening  aspect.     This  may  be  absorbed  by  paper,  gi\ 
it  the  well-known  appearance  produced  by  oily  matte 
and  may  be  collected  in  small  quantity  upon  a  glass  slide" 
and  examined  microscopically.     It  then  presents  a  numbe 
of  strongly-refracting  fatty  globules,  with  a  few  epitheli 
cells,     The  cells,  however,  are  not  numerous  in  the  tluid  i 
it  is  discharged  upon  tlie  general  surface ;  but  if  the  coD 
tents  of  the  ducts  and  follicles  be  examined,  cells  will  he 
be  found  in  great  abundance.     Most  of  the  cells,  indeed^ 
remain  in  the  glands,  and  the  oily  matter  only  is  discharged 
The  object  of  this  secretion  is  to  lubricate  the  general  cut 
neous  surface,  and  to  give  to  the  hairs  that  softness  whic 
h  characteristic  of  them  when  in  a  perfectly  healthy  con^ 
dition.  ^j 

It  is  only  when  the  action  of  the  sebaceous  glands  hi^H 
become  more  or  less  modified,  that  the  secretion  can  b^^ 
obtained  in  sufficient  quantity  for  chemical  analysis;  but  we 
cannot  be  certain  that  the  fluid  taken  under  these  conditions 
is  perfectly  normal.     Tlie  analysis  by  Esenbeck/  which  i^h 
often  quoted  in  works  on  physiology,  was  the  result  of  a^H 
examination  of  the  contents  of  a   largely-distended  hair- 
follicle  ;  and  as  the  secretion  was  confined  for  a  long  time,  i^^ 
is  evident  that  it  must  have  undergone  material  alteration^B 
We  cannot,  indeed,  refer  to  any  ultimate   analysis  of  the 
nonnal   sebaceous  secretion ;   but  of  all  the  examination 
that  have  been  made  of  the  secretion  when  it  has 


*  EsEXBECK,  ChetntMche  Unlermrhung  da  InhalU  tiner  prr^rSaaciim  Talfrt 
der  Uaui  {jfhtndula  *r6tf*vKi)  oiler  cmcr  aa^mnontm  Fettboig-GnchttHM  (Aii 
roma). — Kastxer's  Arckiv/iir  dUgmammeU  KatuM^n^  Niiniberg,  1827,  B,  xiL" 
g.  4ft0,  €t  9tq,) 
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jderably  increased  in  quantity,  those  of  Lntz  give  the 
best  idea  of  what  may  be  supposed  to  be  nearly  its  ordinary 
composition,  Tliis  ol^erver  analyzed  the  secretion  in  a  case 
of  general  hypertrophy  of  the  sebaceous  system.  The  flnid 
which  ho  extracted  from  the  dilated  glands  was  milky-white, 
and  of  about  the  consistence,  when  cold,  of  wax.  The  mean 
of  eight  analyses  of  this  fluid  was  as  follows ; ' 


Compositi^i  of  Sefmceoits  Matter, 

Witcr , .,,  35t 

Oleine 2t0 

KArgmriiie  «.*... 185 

Bittrric  Acld  and  butjmte  of  aoda *....,,..,.*.  8 

Ciiiilie • .* 129 

AlbmneiL...  «..*..... t 

G^dne 87 

Fhofphftte  of  soda  and  traces  of  pbonphate  of  lime. *l 

Chloride  of  sodium 6 

Solpbateof  soda. 5 

1,000 

This  analysis  gives  the  proportions  of  animal  and  solid 
toatters,  desiccated  in  a  current  of  dry  air.  Robiiij  who  has 
reviewed  at  considerable  length  the  analytical  process  em- 
ployed by  Lutz,  regarcU  the  matter  supposed  to  be  either  • 
easeine  or  some  analogous  albuminoid  substance^  as  the  or- 
ganic matter  of  the  epithelial  cells  that  exist  in  such  great 
aombeis  in  distended  sebaceous  glands.  He  regards  the 
weight  of  the  subistances  designated  under  the  names  of  al- 
btnnen,  caseino,  and  gelatine,  with  a  certain  quantity  of  the 
waterdriven  off  by  desiecation,  as  representing  the  proportion 
of  epitbeUum.*  Tliis  view  is  very  reasonable,  as  the  mi- 
croscope always  shows  in  these  collections  great  numbera 

»  herZt  D*  th^^iertrojik%e  gttt*ntU  d»  ^fdhne  iibacA^-Th^^e,  No.  05»  Paris, 
1960,  p*  I8«    The  proportions  of  olcinc  and  margarine  arc  giren  on  p.  20. 
•  RofiiTc,  ttforu  tur  le9  humfvrt^  Paris»  1S67,  p.  509. 
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of  epithoKal  cells,     Cliole^terinej  wliicli  k  preseat  bo  fire- 
quently  ia  the  contents  of  sebaceous  cysts,  does  not  exi^^H 
in  the  normal  secretion ,  nor  was  it  found  in  the  analyse^^ 
by  Lutz. 

During  the  latter  periods  of  pregnancy  and  during  lact 
tion,  the  Bebaceous  glands  of  the  areola  of  the  nipple  becoc 
considerably  distended  with  a  grayish-white,  opaque  seer 
tion,  containing  numerous  oily  globules  and  grannies.     Fre- 
quently the  fluid  contains  also  a  large  number  of  epithelialj 
cells.      During  the  periods  above  indicated,  the  secretic 
here  is  always  much  more  abundant  than  in  the  ordinar 
fiebaceous  glands* 

Smegma  of  the  Prepuce  mid  of  the  LaMa  Minora, — In 
the  folds  of  the  prepuce  of  the  male  and  the  inner  surface 
and  folds  of  the  labia  minora  hi  the  female,  a  small  quan- 
tity of  a  whitish,  grumons  matter,  of  a  cheesy  consistency^ 
is  sometimes  foxmd,  particularly  when  proper  attention 
not  paid  to  cleanliness.  The  matter  which  thus  collect 
in  the  folds  of  the  prepuce  has  really  little  analogy  with 
the  ordinary  sebaceous  secretion.  Examination  with  the 
microscope  shows  that  it  is  composed  almost  entirely  of 
irregular  scales  of  pavement^epithelium,  which  do  not  profl 
sent  the  fatty  granules  and  globules  usually  observed  in 
the  cells  derived  from  the  seljaceous  glands,  Robin  re- 
gards the  production  of  this  substance  as  entirely  inde 
dent  of  the  secretion  of  sebaceous  matter,  as  it  is  form 
chiefly  in  parts  of  the  prepuce  in  which  the  sebaeegi 
glands  ai'e  wanting.* 

The  smegma  of  the  labia  minora  is  of  the  same  cnar- 
acter  as  the  smegnia  preputiale  j  but  it  contains  drops  of 
oil,  and  the  other  products  of  the  sebaceous  glands  fonn( 
in  these  parts. 


TViiti  Cmeosa. — The  surface  of  the  foetus  at  birth  and 

'  EoBiiTi  Zt^M9ur  k9humiur$f  Fsktiif  1S67,  p,  587* 
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ii^ar  tlie  end  of  gestation  k  generally  covered  with  a  whitisb 
coating,  or  smegma,  called  the  vemix  caseosa.  This  is  most 
^Wudant  in  tbe  folds  of  the  skin ;  but  it  usually  co^rers  the 
t^ntire  surface  with  a  coating  of  greater  or  less  thickness  and 
<>f  about  the  conaLitence  of  lard.  There  are  great  diiferencea 
^  fffitu&es  at  term,  as  regards  the  quantity  of  the  vemix  ca- 
^®06a.  In  some  the  coating  is  so  fclight  that  it  would  not  lie 
observed  uidesa  on  close  ins;peetion. 

There  are  few  analyses  giving  an  accurate  view  of  the 
ulfiinate  compodtion  of  thU  substance ;  *  and  we  can  form 
tie  best  idea  of  its  constitution  and  mode  of  formation  from 
inicroscopieal  examination.     If  a  small  quantity  be  scraped 
from  the  surface  and  be  spread  out  ujxjn  a  glass  slide  with 
a  little  glycerine  and  water,  it  will  be  found,  on  nucroscopi- 
^amination,  to  consist  of  an  immense  number  of  epitlie- 
lal  cell«,  with  a  very  few  small  fatty  granules.     In  the  table 
giren  b^low  it  will  l>c  seen  that  these  cells,  atW  desiccation  j 
constituted  about  ten  per  cent,  of  the  whole  mass.     The  fatty 
granulmtions  are  very  few^  and  do  not  seem  to  be  necessary 
constituents  of  the  vemix,  as  they  are  of  the  sebaceous  mat- 
ter.   In  fact,  the  vernix  easeosa  must  be  regarded  as  the 
residae  of  the  secretion  of  the  sebaceous  glands,  rather  than 
an  accnmnlntion  of  true  sebaceous  matter. 


*  The  !ollo«  uig  tabic  gives  an  ftpproxiinatiTe  ide^i  of  the  nature  and  qu&n* 
tity  of  the  Tarioiu  sabstAnccs  that  biiTe  been  found  in  tho  Tcmii  cmseosiv 
Xliis  table  w«i  auranged  by  H(»hm  &om  unAljies  by  different  observers : 

C0mpo§iiion  of  the  Vtmix  CriMOfa. 

Wftiff     ,. 7fl»'80lomiD 

Nit fot^eiiUBed  matter,  mitcott»  or  ca»eotti...». ., ,,.* 4*50 

D«8lccat«depUbeUiim..... .• lOlHO 

Ctiolcttoriiie,  I 

Oleiueaad  nuirgmrinf!,  >■ ....108*S5 

Oleatw  and  man^r«t?i  of  potASU  and  of  aoda ,  i 

Cblo  llde  of  todinm^  "\ 

Bydiocblonte  of  ammonlA^  I  ^  14'IS 

PhiOfptaate  of  iodft  and  of  Umc^  r  """* 

Ammonlo-aflencf  UiD  phoipluit^,  j 

— BoBnf,  Xffoiu  tur  Ih  humeurtf  Paris,  1867  p.  500. 
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The  microscopical  examination  of  the  vernix  caii 
interesting  from  an  anatomical  i>oint  of  view,  and  posseeees 
considerable  importance  in  certain  medico-legal  questiona, 
The  celts  are  poljhedric  in  foiTn,  somewhat  flattened  from 
mutual  eompresfiion,  and  have  a  diameter  of  from  yiV?r  ^^ 
-^^  of  an  inch.      Tbeir  angles  are  irregular  and  ronnded, 
not  possessing  that  sharjmess  of  defirdtion  which  charac-^     . 
terizes  the  epidermic  cells  of  the  foetus.     They  are  colorl^i^| 
transparent,  very  often  folded  upon  tliemBclvea,  and  have  no^ 
nuclei.     The  cells  themselves  are  very  Blightly  grannlar,  but 
a  few  dark  fatty  granules  sometimes  adhere  to  their  exteriou 
These  cells  have  no  analogy  witli  the  ordinary  epidermi 
cellfij  but  resemble  rather  the  cells  found  in  sebaceous  eoUeo 
tions.     They  are  regarded,  therefore,  by  Kobin^  as  derived 
entirely  from  the  sebaceous  glands/     The  secretion  of  the 
glands  is  discharged  upon  the  surface,  and   disappears  it 
great  part^   leaving  a  residue  of   altered  epithelial  cell 
It  is  on  account  of  the  absence,  to  a  great  degree,  of  oilj 
matter,  that  the  veniLs  caseosa  is  not  softened  by  gentli 
heat. 

The  function  of  the  vernix  caseosa  is  undoubtedly  pr 
tective.     If  we  attempt  to  make  a  microscopical  preparatioB 
of  the  cells  with  water,  it  becomes  evident  that  the  co&ting 
is  penetrated  l)y  the  liquid  with  very  great  difficulty,  evo^H 
when   mixed  with  it   as  thoroughly  as  possible*      Indeed^^ 
we  never  observe  at  birth  the  peculiar  effects  of  prolonged 
contact  of  the  cutaneous  surlace  with  water.     The  protect 
ing  coating  of  vernix  caseosa  allows  the  skin  to  perform  it 
functions  in  utero,  and  at  birth ,  when  this  coating  is  removed 
the  surface  is  found  in  a  condition  perfectly  adapted  to  ei 
tra-uterine    existence.     It  is  not  probable  that  the  vemij 


*  RoAtjf  «T  TARi>rEir|  Memoln  Mur  rexamin  micro9copique  da  tachei  j 
parUmimnium  d  Vefiduit  ftttaJ^  pour  *rt't»iV  d  thisloire  midkO'ltpaU  de  l 
tieide  ;  niraUda  Annalat  tTUt/ffihie  pubhqu^  d  de  mklednt  Uffole^  Paris,  1857, 1 
t^rie,  tome  rii 


CERUME?f. 


69 


cMeosa  13  necessary  to  facilitate  the  paesage  of  tUe  child  into 
the  world,  for  the  parts  of  the  mother  are  always  sufficiently 
Ittbricated  with  mucous  secretion. 


Ctmmen. — A  peculiar  substance  of  a  waxy  consistence 
U secreted  by  the  glands  that  have  been  dei^crlbedj  in  the 
external  nieatusj  under  the  name  of  ceruminous  glands, 
mixed  with  the  secretion  of  sebaceous  glands  connected  with 
the  short  hairs  in  this  situation.     It  is  difficult  to  ascertain 
vhat  share  these  two  seta  of  glands  have  in  i\\Q  formation  of 
the  eerumen.     Kobin  is  of  the  opinion  that  the  waxy  portion 
of  the  secretion  is  produced  entirely  by  the  sebaceous  glands, 
^d  that  the  convoluted  glands,  commonly  known  as  the 
cennninous  glands,  produce  a  secretion  like  the  perspiration. 
He  calls  the  latter,  indeed,  tlie  sudoriparous  glands  of  the 
meatus**     This  view  is,  to  a  certain  extent,  reasonable ;  for 
the  sebaceous  matter  is  not  removed  from  the  meatus  by  fric- 
tion, as  in  other  situations,  anrl  would  have  a  natural  tenden- 
cy to  accumulate.    But  the  contents  of  the  diict^  of  the  ecru- 
miaous  glands  diifer  materially  from  the  iiuid  fuund  in  the 
duets  of  the  ordinary  sudoriparous  glands,  containing  gran- 
ales  and  fatty  globules,  such  as  exist  in  the  cerumen,     Al- 
tlioagh  the  glands  of  the  ear  arc  analogous  iti  their  structm*e, 
ad,  to  a  certain  extent,  in  tlieir  secretion,  to  the  perspira- 
[)ry  glands,  the  fluid  whicli  they  i>roduce  is  peculiar.     We 
shall  see,  also,  that  the  perspiratory  glands  of  the  axilla  and  of 
some  other  parts  produce  secretions  diflering  somewhat  from 
inary  perspiration.    As  far  as  can  be   a^certfdned,  the 
[len  is  produced  by  both  sets  of  glands.     The  sebaceons 
glands  attached  to  the  hair-fullicles  probably  secrete  most 
of  the   oleaginous    and   waxy  matter,   while    the   so-called 
ceruminous  glands  produce   a  secretion  of  much  greater 
fluidity,  but  containing  a  certain  amount  of  granular  and 
fatty  matter. 

'  RosDTi  LefQmmr  lea  huineurB^  Paris,  1867,  p.  501, 
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The  consistence  and  general  appearance  of  cerumen  are 
quite  variable  within  the  limits   of  health.      When 
secreted,   it    i^   of  a  yellowish   color,   about   the    consisl 
ence  of  honey,   becoming   darker  and  much  more  visci( 
upon  exposure  to  the  air.    It  has  a  very  decided  and  bit- 
ter taste.     It  readilv  forms  a  sort  of  emulsive  mixtore  with 
water. 

Examinefl  microscopically,  the  cerumen  is  found  to  con- 
tain semisolid,  dark  granulations  of  an  iiTegularly-polyln 
dric  shape,  epithelium  from  the  sebaceous  glands,  and  e] 
dermic  scales^  both  isolated  and  in  layers.     Sometimes  a! 
a  few  crystals  of  cholesterine  are  found. 

Chemical  examination  shows  that  the  cerumen  is  cor 
posed  of  oily  matters  fusible  at  a  low  temperature,  apeculii 
organic  matter  resembling  mucosine,  with  salts  of  soda,  and 
a  certain  quantity  of  phosphate  of  lime.  The  yellow  coloring 
matter  is  Boluble  in  alcohol ;  and  the  residue  after  evapora- 
tion of  the  alcohol  is  very  soluble  in  water,  and  may  be  pre- 
cipitated from  its  watery  solution  by  the  neutral  acetate  of 
lead  or  the  chloride  of  tin.  This  extract  has  an  exceedingly 
bitter  taste,  i 

The  cerumen  lubricates  the  external  meatus,  accumn* 
lating  in  the  cansd  aromid  the  hairs.  Its  peculiar  bitter 
taste  is  supposed  to  be  efficient  in  preventing  the  entrance 
of  insects. 

Meibomian  Secreiiofi. — Very  little  is  known  concemin 
any  special  properties  of  the  Meibomian  fluid,  except  th 
it  mixes  with  water  in  the  form  of  an  emulsion  more  readil 
tlian  the  other  sebaceous  secretions.*  It  is  produced  in 
small  quantity,  mLxed  with  a  certain  amount  of  mucus  an 
the  secretion  from  the  ordinary  sebaceous  glands  attached 
the  eyelashes  (ciliary  glands),  and  the  glands  of  the  can 
cnla  lachrymalis,  and  smears  the  edges  of  the  palpebral 

^  RoBi>%  op,  eU,f  p*  592, 
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orifice.  This  oily  coating  on  the  edges  of  the  lids,  unless 
the  tears  be  produced  in  excessive  quantity,  prevents  their 
overflow  upon  the  cheeks,  and  directs  the  excess  of  fluid  into 
the  naBal  duct 
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PbjBiological  anatomy  of  the  mammary  glands — Condition  of  the  mammary 
glands  during  the  intervals  of  lactation — Structure  of  the  mammary  glands 
during  lactation — ^Mechanism  of  the  secretion  of  milk — Conditions  which 
modify  the  lacteal  secretion — ^Influence  of  diet — ^Influence  of  liquid  ingesta — 
Influence  of  alcoholic  beverages — ^Influence  of  mental  emotions— 4)aantity 
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Coagulation  of  milk — ^Microscopical  characters  of  milk — Compoaltioii  of 
milk— Nitrogenized  constituents  of  milk— Xon-nitrogeidzed  conBtituenta 
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of  milk — Colostrum — Composition  of  colostrum — ^Lacteal  secretion  in  the 
newly-bom — Composition  of  the  milk  of  the  infant 

The  mammary  glands  are  among  the  most  remarkable 
organs  in  the  economy;  not  only  from  the  peculiar  char- 
acter of  their  secretion,  which  is  unlike  the  product  of  any 
other  of  the  glands,  but  from  the  great  changes  which  they 
undergo  at  different  periods,  both  in  size  and  structure. 
Rudimentary  in  early  life,  and  in  the  male  at  all  periods  of 
life,  these  organs  are  fully  developed  in  the  adult  female, 
only  in  the  latter  months  of  pregnancy  and  during  lactation. 
It  is  true,  that  in  the  female,  after  puberty,  the  mammary 
glands  undergo  a  marked  and  rapid  increase  in  size ;  but 
even  then  they  are  not  fully  developed,  and  if  examined 
\idth  the  microscope,  will  be  found  to  lack  the  essential  ana- 
tomical characters  of  secreting  organs.  The  physiological 
anatomy  of  the  mammary  glands  consequently  possesses 
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^uliar  interest^  aside  from  the  great  importance  of  their 
secretion* 

It  will  be  found  convenient  to  consider  these  organs  in 
tliree stages  of  development;  viz.,  in  their  rudimentary  eon- 
tlition,  dA  they  exist  in  the  male  and  in  tlxe  female  before 
puberty;  in  the  partially-developed  state,  as  they  are  found 
Jn  tlie  Tiuimpregnated  female  after  puberty  and  during  the 
iat^rrak  of  lactation;  and  finally,  in  the  fully-developed 
coTidition,  when  milk  is  secreted, 

PhjBiolo^ical  Anat<fmy  of  the  Mam^Tiary  Glande. 

The  form,  size,  and  situation  of  the  mammae  in  the  adult 
frmale  are  too  well  known  to  demand  more  than  a  passing 
mention*     These  organs  are  almost  invariably  double,  and 
are  dtaated  on  the  anterior  portion  of  the  thorax  over  the 
great  pectoral  muscles*     In  women  who  have  never  borne 
eliil^lren,  they  are  generally  firnij  nearly  hemispherical,  with 
tbe  nipple  at  the  most  prominent  point.     In  women  who 
have  borne  children,  the  glandi*,  during  tlie  intervals  of 
lactation,  arc  usually  larger,  are  held  more  loosely  to  the 
subjacent  parts,  and  are  apt  to  become  flabby  and  pendu- 
The  areola  of  the  nipple  is  also  darker* 
Certain  rare  examples  are  on  record  of  anomalies  in  the 
number  and  location  of  the  mammarv  rchmds.     In  some  in- 
stances  three,  four,  and  five  distinct  glands  have  existed 
instead  of  two ;  *  and  some  examples  are  related  of  extra- 
ordinary development  of  the  mammary  glands  in  the  male, 
to  such  an  extent  as  to  aflbrd  sufficient  nourishment  for  an 
infant/     A  remarkable  case  of  malposition  of  a  mammary 
gland  is  reported  by  Dr.  Robert,  of  Xarseilles,  in  Magendie's 

^  Kdereuco  to  &  number  of  thcae  cnscfi  is  made  bj  Dr.  8oUj,  in  the  Cye^ 
pta^  nfjjwtomy  and  Phyttiolo*jtf^  London,  1839-1847,  toL  ill,  p.  251. 

*  Quite  a  number  of  ca^es  of  Ibis  kltid  are  oo  rccordi  m&ny  of  them  well 
lutlieniicftted.  Dr.  Dunglbon  gives  a  full  nc count  of  *freml  instances  of  lac- 
Imttoo  in  the  male,  utteated  by  competent  medical  obserrera*  (DuxoLtsOK» 
I  Pk^oloffjf,  Pbikdelpbia,  1856,  vol  ii.,  p.  520.) 
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Journal  of  Phjaiology.    In  this  case  there  was  a  well-formed 

mammary  gland  on  the  external  Burface  of  the  left  thigh, 
about  four  inches  below  the  great  trochanter.  The  mam* 
mary  glands  upon  t!ie  chest  performed  thoir  function  with 
regularity,  and  were  normal  in  all  respects ;  but  the  gland 
upon  the  thigh  secreted  during  lactation  such  a  quantity  of 
inilk,  that  tlie  woman  had  nourished  all  her  children,  seven 
in  number,  indiftereutly  from  the  tliree  glands.  She  ha<l 
nursed  one  of  her  children  in  this  way  for  thirty-three 
months.  It  is  a  remarkable  fact,  that  the  mother  of  this 
woman  had  three  mammary  glands,  one  on  the  left  side  of 
the  chest  and  two  on  the  right.  This  case  is  perfectly 
authentic,  and  was  reported  on  by  MM.  Chausgier  and  Ma- 
gendie,  a  committee  from  the  French  Academy  of  Sci- 
ences.* 

In  many  works  on  physiologyj  instances  of  unusual  lac- 
tation are  quoted ;  but  although  the  time  and  duration  of  the 
process  are  modified,  the  character  of  the  secretion  Ia  not 
altered.  A  case  is  reported  as  occurring  in  tliis  country, 
in  which  lactation  continued  in  a  woman  sLxty-Uve  years 
of  age.* 

At  birth,  in  both  sexes,  the  mammary  glands  are  near! 
as  fully  developed  as  at  any  time  before  pubert3\  They' 
make  their  appearance  about  the  fourth  month,  in  the  form 
of  little  elevations  of  the  structure  of  the  true  skin,  which 
soon  begin  to  send  out  processes  destined  to  be  developed 
into  the  lobes  of  the  glands.  At  birth  the  glands  measure 
hardly  more  than  one-third  of  an  inch  in  diameter.  At  this 
time  there  are  from  twelve  to  fifteen  lobes  in  each  gland, 
and  every'  lobe  is  peneti-ated  by  a  duct,  with  but  few 

'  CAAUssnm  £T  MAOETCDiit,  RappoH  fait  i}  V Academic  d^  8cimce9  mtr  uni 
JbtffpaiMn  d^  M.U  Dr.  RahtH^  de  MmdSef  rdoHv^  d  unf  fcmme  qmi  a  i 
phmLmm  en/ant  avtc  um  fttamelle  tUuie  d  h  miue  ffaucht, — Joumaldepk^ 
Parigj  1827,  tome  vtL»  p.  17»'i. 

'  Dpnolibon%  Ilumati  ThytidtH^fy^  PhUmdelphia,  1866,  toI  ii.,  p,  5tS.  Tli« 
reader  is  rofermJ  to  the  work  of  r>r.  Dtinglkoa  for  itii  account  of  a  number  of 
Tcry  curious  mstAaces  of  unusual  lactation. 
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branches,  composed  of  fibrous  tksuc  and  liued  with  colam- 
nar  epithellTiin.  The  ends  of  these  ducts  are  frequently 
somewhat  dilated;  but  what  have  been  called  tlie  gland- 
Te&ieled  do  not  make  their  appearance  before  puberty.  In 
the  male  the  glanris  are  from  one  half  an  inch  to  two  inches 
broad,  and  from  -ji^  to  :J:  of  an  iueli  in  thickness.  In  their 
structure,  however,  tliey  present  little  if  any  difterenee  from 
the  radinientary  glands  of  the  infant. 

Aa  the  period  of  puberty  approaclies  in  the  leniale,  the 
rudimentary  ducts  of  the  diflerent  lobes  become  more  and 
more  ramified.  Instead  of  each  duct  liavin*:^  but  two  or 
three  branehesj  the  diiferent  lobes,  as  tlie  gland  enlarges, 
aw  penetrated  by  innumerable  ramifieationf;,  which  have 
gradimlly  l)een  developed  as  processes  from  the  main  duct. 
It  is  important  to  remember,  however,  that  these  branches 
arc  never  so  numerous  or  so  long  during  tlie  intervals  of 
lactation  as  they  are  when  the  organ  is  in  full  activity. 
The  ordinary  condition  of  the  gland,  as  compared  with  its 
etniclare  during  activity,  is  that  of  atrophy. 

Condiiian  <^  the  Jfammart/  Glands  during  (he  Interval 

<f  LicMhii. — At  this  time  the  gland  is  not  a  isecreting 
oijpiu.     It  presents  the  ducts,  ramifying,  to  a  certain  extent, 
ill  tiie  substance  of  the  lobes  into  which  the  structure  is  di- 
vided, but  their  bran  dies  are  short  and  possess  but  few  of 
tlte  glandular  acini  that  are  observed  in  every  part  of  the 
oi^n  during  lactation.      This  difference  in  the  structure 
rf  tlie  gland  h  most  remarkable ;    and  as  it  i>asse3  from 
a  secreting  to  a  non-seereting  condition  at  the  end  of  lacta- 
tiott,  the  ducts  retract  in  all  their  branches,  and  most  of  the 
secreting  cvis-ihsac  disappear.     At  this  time  the  glandular 
tissue  is  of  a  bluish-wliite  color,  and  loses  the  granular  ap- 
{♦earanee  which  it  j>resents  during  activity.     The  tliicts  are 
then  lined   with  a  e-mail,  nucleated,  pavement-epithelium, 
wluch  is  not  found  during  the  gecretion  of  milk.    These 
eUaaj^,  pointed  out  by  Eobin,  whose  observations  have 
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been  verified  and  extended  by  Sappey,*  are  confined  abno 
exclusively  to  the  eecretiiig  stnicture  of  tbe  gland- 
interstitial  tissue  remains  about  tbe  Banie,  the  blood-re^e 
only,  bciDg  iuereased  in  number  during  lactation.     As  we  i 
treating  of  tbe  mammary  glands  as  secreting  organs,  a  fall 
description  of  its  structure  is  deferred  until  we  come  to  eoii^l 
sider  it  in  a  state  of  functional  ac tivi ty*  ^^ 

Stnuiure  of  the  Mammary  Glands  during  Xa4^tati4m, — 
Between  the  fomih  and  tbe  fifltb  month  of  ntero-gestatiou 
tbe  mammary  glands  begin  to  increase  in  size ;  and  at  ter 
tbey  are  very  much  larger  than  during  the  unimpre^natc 
state.     At  this  time  tbe  breasts  become  quite  liard  j  and 
surface  near  tlie  areola  is  somewhat  uneven,  from  the  grea 
development  of  the  ducts*     The  nipple  itself  is  increased 
size,  the  papilla  upon  it^  surface  and  upon  the  are^ila  ar 
more  lai'gely  developed,  and  the  areola  becomes  lai^er 
darkerj  and  thicker.     Tlie  glandular  structure  of  tbe  breast 
during  the  latter  half  of  jjregnancy  becomes  so  far  developed 
that  if  tbe  cliild  be  boro  at  the  seventh  muuth,  the  lactea 
secretion  may  generally  he  established  at  tbe  usual  peric 
after  parturition.    Even  when  parturition  takes  place  at  term, 
a  few  days  elapse  l>eforG  secretion  is  fully  established,  and 
tlie  first  product  of  tbe  gland,  called  colostrum,  is  very  dit^^ 
ferent  from  tlie  fully-formed  milk,  ^| 

Tlie   only   parts   of  tbe   covering   of  tlie   breasts   that 
present  any  peculiarities  are  tlie  areola  and  the  ni]>ple.     Th^^ 
surface  of  tbe  nipple  is  covered  with  papill??,  which  are  ver^H 
largely  developed  near  its  summit.     It  is  ct»vered  by  epitbe* 
Hum  in  several  layers,  tbe  lower  strata  being  filled  wit 
pigmentary  granules,     Tbe  true  skin  covering  the  nipples 
composed  of  inelastic  and  elastic  fibres,  containing  a  lar 
number  of  sebaceous  glands,  but  no  hair-follieles  nor  sudor^ 
parous  glands.    According  to  Sappey,  these  glands,  w^hic 
are  from  eighty  to  one  hundred  and  fifty  in  number,  are 
always  of  the  racemose  variety,  and  never  exist  in  the  form 

»  SArPinr,  ThiUe  d'analomU  dacriptivf,  Paris,  1857,  tome  iiL,  p.  697* 
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offeTOple  follieleB,  &s  thev  are  described  by  most  anatomists.* 
Tlie  nipple  contains  tlie  lactiferou;^  ducts,  fibres  of  inelastic 
and  elastic  tissue,  with  an  immense  number  of  non-striated 
muscakr  fibres,  Tlie  lunscular  fibres  Lave  no  definite  direc- 
tion^ but  are  so  numerous,  tbat  wlien  tbey  are  contracted, 
the  nipple  becomes  very  firm  and  bard.  The  nipple,  tbougb 
it  may  tlius  become  bard  upon  tlie  application  of  cold  or 
other  stimulus,  presents  none  of  the  anatomical  cbaracteris- 
dcsof  the  true  erectOe  organSj  a&  is  erroneously  supposed  by 
&jme  authors  ;  and  its  bardening  is  simply  due  to  contrac- 
tion of  iti^  muscular  fibres/ 

Tte  areola  does  not  lie,  like  tbe  general  integument 
forerin^  the  gland,  upon  a  bed  of  adipose  tissue,  but  is 
doselj  adlierent  to  the  subjacent  glandular  structuras<  The 
skm  here  is  much  thinner  and  more  delicate  tlian  in  other 
I>arts  and  the  pigmentary  granules  are  very  abundant  in 
some  of  the  lower  strata  of  epidermic  cclli^,  particularly  dur- 
ing pregnancy.  The  true  skin  of  the  areola  is  composed  of 
ineWtic  and  elastic  fibres,  and  lies  upon  a  distinct  layer  of 
non-striated  muscular  fibres.  The  arrangement  of  the  mus- 
cukr  fibres  (sometimes  called  the  subareolar  muscle)  is  quite 
r,  fonning  concentric  rings  around  tbe  nipple.  These 
are  supposed  to  be  useful  in  compressing  the  duct^ 
tittriug  tbe  discharge  of  milk.  The  areolar  presents  nu- 
merous  papillce,  considerably  smaller  than  those  upon  the 
iiipple;  hair-follicles,  containing  small,  rudimentary  hairs; 
sajoriparoujs  gland>^ ;  and  sebaceous  glands  connected  with 

the  hair-follicles.     The  sebaceous  glands  in  this  situation 
very   large,   and   their  situation  is  indicated  by  little 
ominences  at  the  suriuco  of  tbe  areola,  which  are  especi- 

JIt  marked  during  pregnancy. 

The  gland  itself  is  of  the  compound  racemose  variety. 

It  is  covered  in  front  by  a  subcutaneous  layer  of  fat,  and 

posteriorly  is  enveloped  in  a  fibrous  membrane  loosely  at- 

'  SjLrPMTj  7\viU  d'anaiomie  tk*€ripth*f^  ParjB,  1857,  tome  iiL|  p.  594. 
•  F<w  the  wiftUmij  of  tbe  erectile  tissues,  set'  vol.  i.,  Circuktion,  p.  836. 
73 


78 


SECRETION. 


tnclied  to  the  pectoralis  major.  A  considerable  amotmt 
of  adipose  tissue  is  also  found  in  tlie  substance  of  iLe  gland, 
between  tlie  lobes. 

Separated  from  the  adipose  and  fibrous  tissue,  the  organ 
is  found  divided  into  lobes,  from  fifteen  to  twenty-four  in 
number.  These,  in  their  tuni,  arc  subdivided  into  lobules 
made  up  of  a  greater  or  less  number  of  acini  or  cnU-de-^ac* 
The  secreting  structure  is  of  a  reddish*yellow  color^  and  is 
distinctly  granular,  presenting  a  decided  contrast  to  the  pale 
and  nnifurmly-fibrous  appearance  of  the  gland  during  the 
intervals  of  lactation.  If  the  ducts  be  injected  from  the 
nipple  and  be  followed  into  the  substance  of  the  gland,  each 
one  will  be  found  distributing  its  branches  to  a  distinct 
lobe ;  so  that  the  organ  is  really  made  up  of  a  number  of 
glands,  in  their  structure  identical  with  each  other.  It  will 
be  most  convenient,  in  studying  the  intimate  structure  of 
the  gland,  to  begin  at  the  nipple  and  follow  out  one  of  the 
ducts  to  the  termination  of  ite  branches  in  the  secreting 
cxds'de-mc. 

The  canals  which  discharge  the  milk  at  the  nipple  are 
called  lactiferous,  or  galactophorous  ducts.  They  vary  in 
number  from  ten  to  fonrtee!i.  Tlie  openings  of  the  ducts  at 
the  nipple  are  very  small,  measuring  only  from  ^  to  ^  of 
an  inch.  As  each  duct  passes  down,  it  enlarges  in  tlie  nipple 
to^  or  -^  of  an  inch  in  diameter,  and  beneath  the  ai'eola 
preeents  an  elongated  dilatation,  from  |  to  f  of  an  inch  in 
diameter,  called  the  sinus  of  the  duct/  During  lactation  a 
considerable  quantity  of  milk  collects  in  theae  sinuses,  which 
serve  as  reservoirs.  Beyond  the  sinuses  the  caliber  of  the 
ducts  is  from  ^  to  -J^  of  an  inch*  They  penetrate  the  diflFer- 
ent  lobes,  branching  and  subdividing,  to  terminate  finally  in 
the  collections  of  cuh-de-Bac  which  form  the  acini.  Most 
modern  observers  are  agreed  that  there  is  no  anastomosis  be- 
tween the  diflerent  lactiferous  ducts,  and  that  each  one  is 
distributed  independently  to  one  or  more  lobes. 

»  KuLLiiCER,  Ilatidbuch  det  Gtwebd<An  dt9  Mimchen,  LeSprig,  1867,  S,  571 
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Tiie  intimate  structure  of  tlie  lactiferous  ducts  k  inter- 
esting and  important  They  are  poBBcssed  of  three  distinct 
cofttfi.  The  external  coat  is  composed  of  anastoraoging  filjrea 
of  elastic  ti^ne,  with  Bome  fibreB  of  inelastic  tissue.  The 
middle  coat  is  composed  of  non-striated  muscular  fibres,  ar- 
ranged longitudinally  and  existing  tliroughout  the  ductj 
from  its  opening  at  the  nipple  to  the  secreting  euh-de- 
s^c.  The  internal  coat  is  an  amorphous  memhrane,  lined 
with  roundish  or  elongated  cells  during  the  intervals  of 
lactation  and  even  during  pregnancy,  but  deprived  of  epi- 
tlieiium  during  the  period  when  the  lacteal  secretion  is  most 
active.* 

Tbe  acini  of  the  gland,  which  are  very  numerous^  are 
visible  to  the  naked  eye,  in  the  form  of  small,  rounded  gran- 
ules, of  a  reddish-vellow  color.     Between  these  acini  there 
esifit  a  certain  quantity  of  the  ordinary  white  fibrous  tissue 
and  quite  a  number  of  adipose  vesicles.    The  presence  of  adi- 
pose tifi&uc  in  considerable  quantity  in  the  substance  of  the 
'p'landiilar  structure  is  peculiar  to  the  mammary  glands. 
Each  aciijus  is  made  up  of  from  twenty  to  forty  secreting 
vesicles,  or  cnh-ds-uac.    These  vesicles  are  irregular  in  form, 
often  varicose,  and  sometimes  enlarged  and  imperfectly  bifur- 
cated at  their  tenuinal  extremities.     Durihg  lactation  their 
diameter  is  from  ^-J-g-  to  -j^  of  an  inch.     During  pregnancy, 
«id  when  the  gland  has  just  arrived  at  its  full  development, 
L  the  secreting  vesicles  are  formed  of  a  structureless  membrane, 
lined  with  small,  nucleated  cells  of  pavement-epithelium. 
The  ntidci  are  relatively  large,  ovoid,  and  embedded  in  a 
ttttall  amount  of  amorphous  matter,  so  that  they  almost  touch 
^ach  other.      Sometimes  the  epithelium  is  segmented,  and 
wmetiines  it  exists  in  the  fonu  of  a  continuous  nucleated 
sheet,    ^VTien  the  secretion  of  milk  becomes  active,  the  epi- 
thelium entirely  disappears,  and  reappears  as  the  secretion 
diminishes.     This  obsei*vation  is  due  to  Eobin,'  and  has  an 

£*Fnrri  TrmU  d*ana(omie  dtteripih%  Paris,  1857,  tome  Ui.,  p.  697. 
Lsmi  Et  RoBtn,  JHctionfutire  de  mSdeeme^  Farlfl,  1865,  Article,  Marmili* 


iinportant  bearing  upon  the  mechanism  of  the  secretioa  of 

milk. 

Durinj^  the  intervals  of  lactation,  as  the  lactiferous  duds 

l*eeomc  retracted,  the  glandular  cul^-de-€&c  disappwir;  and 

in  pregnancy,  as  the  gland  takea  on  its  full  development,  the 

ducts  branch  and  etxtend 
*^*^  tliemselves,  and  the  Ted- 

des  are  gradually  devel* 
oped  around  their  ter- 
minal exti-emities.  The&e 
changes  in  the  develop- 
ment of  the  mainmse  at 
tlifferent  periodss  are  most 
remarkable,  and  are  not 
oliserved  in  any  other  part 
of  the  glandular  s>*5tem/ 

JTecfuinmn  qf  the  S^ 
cretion  of  Milk, — ^With  the 
exception  of  "water  and  in- 
organic principles,  all  the 
Duct.  And  *rini  »f  MTriand,  oat^  important   and    charactear- 

S^HrimTrii.  ./V'^^i^:  istic    constituents    of   the 

*#,l4f|rerdi»eUi;r,«mnl!duci;«,arUi5,  ^^^jjj.     ^^^    formed     lU     the 

enbetance  of  the  mam- 
mary glands.  The  secreting  stt'uctur^  hare  the  property 
sf  separating  from  the  blood  a  great  Tariety  of  inorganic 
prindples;  and  we  &hall  see,  when  we  come  to  etudy  the 
etnujMj.sitiun  of  tlie  milk  more  minutely,  that  it  furnishes 

II 

'  Rir  Astlej  Coopc-r,  In  his  iidmirflble  monograpU  upon  the  nnfttomr  ftiia 
diAfAM^n  of  the  bitsaet,  publbhed  in  1840,  was  tbc  first  to  ^ive  any  clear  idea 
of  tb(?  minute  8tr«ctiiro  of  the  mamraary  glands.  His  obsenratioui,  iKwrercr, 
have  btTn  much  extended  by  later  atiatomiBtg,  The  paper  on  the  brcisi  bos 
1>e<*n  n^ubllshi'd  In  tliis  counlrj-.  Coopeh,  The  An^Uomy  and  IHiea$t§  of  tht 
Brm9t^  with  numeroM  platen.  To  vhkh  art  midt*!  AAi  mriot44  Surgical  F^xr^ 
nowJintpu^Uhedm  a  c^litcttd form^  Phibdelpbia,  1845, 
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all  the  inorganic  matter  necessary  for  the  nutrition  of  the 
infant  J  containing,  even,  a  small  qnantity  of  iron.  Pre- 
diely  ho\r  the  secreting  vesicles  separate  the  proper  quan- 
titrof  tlie^e  principles  from  the  circulating  fluid,  we  are 
nmhltf  in  the  present  state  of  our  knowledge,  to  determine. 
It  15  unsatisfactory  enough  to  say  that  the  membranes  of 
the  vesicles  have  an  elective  action,  hut  this  expresses  the 
extent  of  our  information  on  the  subject, 

TLe  lactose,  or  sugar  of  milk,  the  caseine,  and  the  fatty 
particles,  are  all  produced,  de  novo^  in  the  gland.  The  pecu- 
liar kind  of  sugar  here  found  does  not  exist  anywhere  else  in 
tlie  organism.  Even  when  the  secretion  of  milk  is  most 
actire,  different  varieties  of  sugar,  such  a^  ghicose  or  cane- 
sugar,  mjected  into  the  blood-vessels  of  a  living  animal,  are 
uevtfr  eliminated  by  the  mammary  glands,  as  they  are  by  the 
kidneys;  and  their  presence  in  the  blood  does  not  influence 
tlie  quantity  of  lactose  found  in  the  milk.  All  tlmt  cau  be 
*aid  with  regard  to  the  formation  of  sugar  of  milk  is,  that  it 
i^  produced  in  the  mammary  glands,  The  mechanism  of  its 
formation  is  not  understood, 

Caseine  is  j^roduced  in  the  mammary  glands,  probably 
V  a  peculiar  transformation  of  the  albuminoid  constituents 
of  the  blood.  Tliis  principle  does  not  exist  in  the  blood, 
thongh  its  presence  here  has  been  indicated  by  some  observ- 
ers. The  substance  in  the  blood  that  has  been  mistaken 
6>r  caseine  is  undoubtedly  allnimen,  which  will  not  respond 
to  fiome  of  the  testa  on  account  of  the  alkalinity  of  the  fluid 
in  trhich  it  is  contained.     It  is  well  known  that  the  caseine 

of  milk  is  precipitated  by  an  excess  of  sulphate  of  magnesia; 

bnt  tlic  so-called  caseine  of  the  blood  is  not  affected  by  this 

lalt,  and  passes  through  it  like  ulbunien/ 

The  fatty  particles  of  the  milk  are  likewise  produced  in 

the  substance  of  the  gland,  and  the  peculiar  kind  of  fat 

which  exists  in  this  secretion  is  not  found  in  tlie  blood. 

The  medianism  of  the  production  of  fat  in  the  mammiuy 

*  Loxorr,  Traifc  de  ph^twh^t,  Paris,  1869»  tome  II,  p.  288. 
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glands  is  obscm*e.     The  particles  are  not  produced  in  ci 
and  set  free  bj  their  rupture,  by  a  process  analogous  to  t 
which  takes  place  iii  the  lormntiLm  of  the  fatty  partici 
found  in  the  8ei>aeeoiis  matter,  for  during  the  time  when 
the  seeretion  uf  milt  is  most  activCj  the  epithelium  of  the 
eecreting  cuh-de-sae  ha^  entii*ely  disappeared.     The  buti 
is  produced  by  the  action  of  the  amorphous  walls  of  t 
vesicles,  in  the  same  way,  prc^bably,  that  fat  is  produi 
by  the  vesicles  of  the  ordinary  adipose  tissue.    At  lejist, 
is  all  that  is  knowTi  regarding  the  mechanism  of  its  p: 
duction. 

As  regards  the  mechanism  of  the  formation  of  tli< 
peculiar  and  cliaract eristic  constituents  of  the  milk,  the 
mammary  glands  are  to  be  classed  among  the  organs  of 
secretion,  and  not  those  of  elimination  or  excretion ;  for 
none  of  these  elements  preexist  in  tlie  blood,  but  all  appear 
first  in  the  substance  of  the  glands. 

During  the  period  of  secretion,  tlie  glands  receive  a  much 
larger  supply  of  blood  than  at  other  times.    Pregnancy 
favors  the  development  of  the  secreting  portions  of  the 
glands,  but  dues  nut  induce  secretion.     On  the  other  liani 
when  pregnancy  occurs  during  lactation,  it  diminishes,  moi 
ifies,  and  may  arrest  the  secretion  of  milk.     The  seci 
tion  is  destined,  however,  for  the  nourishment  of  the  child" 
and  not  for  use  in  the  economy  of  the  mother—an  important 
point  of  diBtiuction  from  all  other  secretions — and  its  produc- 
tion presents  one  or  two  interesting  peculiarities. 

In  the  first  place,  the  secreting  action  of  the  mammary 
glands  is  nearly  continuous.     When  the  secretion  of  milk 
has  become  fully  established,  while  there  may  be  certain 
period*  when  it  is  formed  in  greater  quantity  than  at  othera^™ 
there  ia  no  absolute  intermitteney  in  its  production.  ^B 

Again,  in  all  the  other  glandular  organs,  the  epithelial 
cells  found  in  their  secreting  portion  seem  to  be  tlie  active 
agents  in  the  priMluetion  of  the  secretions;  but  in  tlie  mam- 
mary glands,  as  we  have  already  noted,  the  epithelium 
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entirely  mtf^HUiPtpom  the  eeereting  cuU-de-doo  during  the 
period  of  greatest  fimctional  activity  of  the  gland,  and 
mtiiing  is  left  to  perfonn  the  work  of  secretion  but  the 
amorphous  membrane  of  the  vesic^lee, 

CmdUion^  which  m4)d!fy  the  Lacteal  Secretion, — Very 
little  is  known  concenung  the  physiological  conditions  which 
modify  the  secretion  of  milk.  When  lactation  is  fully 
csteblished,  the  quantity  and  quality  of  the  milk  secreted 
become  adapted  to  the  requirements  of  the  child  at  differ- 
ent periods  of  ita  existence.  In  studying  the  composition 
of  the  milk,  therefore,  it  will  be  found  to  vary  considerably 
in  the  diiierent  stages  of  lactation.  It  is  evident  that,  as 
the  development  of  the  child  advances,  a  constant  increase 
of  nonrishment  h  demanded;  and,  as  a  rule,  the  mother  is 
capable  of  supplying  all  the  nutritive  requirements  of  the 
mfaut  for  from  eight  to  twenty  months. 

During  the  time  when  &uch  an  amount  of  nutritive  mat- 
ter  is  famished  to  the  child,  the  quantity  of  food  taken 
by  the  mother  is  sensibly  increased ;  but  observations  have 
^owu  that  the  secretion  of  milk  is  not  much  inHuenced  by 
the  natnre  of  the  food.     It  is  necessary  that  the  mother 
should  be  supplied  with  good,  nutritions  articles ;    but  as 
6r  as  solid  food  is  concerned,  there  seems  to  be  no  great 
difference  between  a  coarse  and  a  delicate  alimentation ; 
and  the  milk  of  females  in  the  lower  walks  of  life,  when  the 
jBfeneral  condition  is  normal,  is  fully  as  good  as  in  women 
L  who  are  enabled  to  live  luxuriously.     It  is,  indeed,  a  fact  gen- 
ally  recognized  by  pbyt^iologists,  that  the  secretion  of  jnilkia 
little  influenced  by  any  special  diet,  provided  the  alimenta- 
be  sufficient  and  of  the  quality  ordinarily  required  by 
be  system,  and  that  it  contain  none  of  the  few  articles  of 
food  which  are  known  to  have  a  special  influence  upon  lac- 
ition.    So  long  as  the  mother  U  1  wealthy  and  well  uourished, 
be  milk  will  take  care  of  itself;  and  the  appetite  is  the 
gureet  guide  to  the  proper  variety,  quality,  and  quantity  of 
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food.     It  id  very  common,  however,  for  female^  to  becomi 

quite  fat  during  lactation ;  which  shows  that  the  fatty  ele 
ments  of  the  iood  do  not  pass  excUisively  into  the  milk,  bti 
that  there  is  a  tendency,  at  the  same  timej  to  a  deposition 
adipose  tissue  in  the  ordinary  situations  in  which  it  is  found 
It  u  a  matter  of  common  ex|)erienee,  that  certain  article 
such  as  acids  and  fermentible  guhetaneos,  often  disturb  th 
digestive  organs  of  the  eliild  without  pn^ducing  any  ehang 
ill  the  milk,  that  can  be  recogtuzed  by  eheniical  analysii 
The  individual  diticrences  iii  women,  in  this  regard,  ar 
very  great. 

There  are  certain  medicinal  substances  which  are  some-^ 
times  found  to  exert  a  powerful  inrtoence  in  diminishing 
or  even  arresting  the  secretion  of  milk,  Irut  a  full  Cimside 
ation  of  these  belongs  to  therapeutics.     The  same  remarl 
applies  to  tlie  influence  of  electricity  applied  directly  to  thd 
mammary  glands. 

The  statements  witli  regard  to  solid  food  do  not  applj 
to  liquids.  During  lactation  there  is  always  an  increasedl 
demand  ffjr  water  and  liquids  generally;  and  if  these 
not  supplied  in  sufficient  qmmtity,  the  secretion  of  milk ' 
is  diminished,  and  its  quality  is  almost  always  impaired,  I^^ 
is  a  curious  fact,  which  has  been  fully  established  by  obaei^f 
vations  upon  the  human  subject  and  tlie  inferior  animals,^ 
that*  while  the  quantity  of  milk  is  increased  by  taking 
large  amount  of  simple  water,  the  solid  constituents 
also  increased,  and  the  milk  retains  all  of  its  cjualities  as 
nutritive  fluid.  The  late  observations  on  this  subject,  bj 
Dancel,  Ohistrate  verj'  fully  the  unusual  demand  for  liquid! 
during  lactation,  and  their  influence  upon  the  manni 
secretion.' 

Alcohol,  especially  when  largely  diluted,  as  in  malt^ 
licjuoi's  and  other  mild  beverages,  is  well  known  to  exert  ar 
intluence  upon  the  secretion  of  milk.     Drinks  of  this  kind 

1  Dancki,,  D*  Vittjtu^iti  it  teau  dant  la  produdion  da  lait. — Comptm  rmdutM 
Paris,  18(50,  tome  IxL,  p.  242, 
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almoot  always  temporarily  inerease  tlie  activity  of  the  secre- 
tioD,  and  sometimes  produce  a  certain  amount  of  effect  upon 
theclild;  but  direct  and  accurate  observations  on  tlie  actual 
passage  of  aleoLol  into  the  milk  are  wanting.  During  lac- 
tation Ihe  moderate  use  of  drinks  containing  a  small  propor- 
tion of  alcohol  is  frequently  beneficial,  particularly  in  assist- 
ing the  mother  to  sustain  the  unuaual  drttin  ui)on  the  system* 
There  are,  however,  few  instances  of  normal  lactation  in 
i^liich  their  use  is  absolutely  necessary. 

It  Iiajs  l>een  conclusively  shown   that  many  medicinal 
articles  administered  to  the  mother  pass  unchanged  into  the 
maamiary  secretion,  and  therapeutists  have  sometiinea  at- 
tempted to  produce  the  peculiar  effects  of  certain  remedies 
k  this  way  in  the  child.     This,  however,  can  hardly  be 
called  a  physiological  action ;  but  it  is  interesting  to  note 
tliftt  some  articles  may  be  eliminated  in  the  miik,  while 
otiieis  pass  into  other  secretions.     This  elective  power  we 
liave  already  seen  is  possessed  by  many  of  the  glands. 
Among  the  articles  that  pass  readily  into  the  milk  may  be 
inentioneil,  some  of  the  salts  of  soda,  chloride  of  Bodium,  the 
aesquioxide  of  iron,  and  the  preparations  of  iodine.      Dr. 
Eees  detected  iodine  in  the  milk  in  a  patient  who  had  taken 
bwt  forty-five  grains  of  the  iodide  of  patassiom  in  live-grain 
doses  three  times  daily.*     It  is  generally  believed,  from  the 
effects  upon  the  child  of  remedial  agents  administered  to  the 
mother,  that  very  many  articles  of  tliis  class  pass  into  the 
milk,  but  in  such  small  quantity  that  they  cannot  be  de- 
tecte<l  by  the  ordinary  eliemical  tests. 

It  is  well  known  that  the  secretion  of  milk  may  be  pro- 
foimdly  affected  by  violent  mental  emotions.  This  is  the 
case  %vith  many  other  secretions,  as  the  saliva,  and  the  gastric 
juice.  It  h  hardly  necessary,  however,  to  cite  the  numerous 
instaneee  of  modiMcation  or  arrest  of  the  secretion  from  this 
cause,  which  are  quoted  in  many  works.    Vernois  and  Bee- 

*  C^*ipf^ia  i>f  Analomtf  and  Phiftiotoffy^  London,  1830-1847^  Toi  iiL, 
p,  362. 
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querel  mention  a  very  striking  case,  in  whicn  a  hospital 
wet-nurse^  who  had  lost  her  only  cliilcl  from  pneumonia, 
became  violently  aflected  with  grief,  and  presented,  as  a  con- 
sequence, an  immediate  diniinution  in  the  quantity  of  hei 
milkj  with  a  great  reduction  in  the  proportion  of  salts,  s^ugar, 
and  butter.  In  tbis  ca&e  the  proportion  of  caseine  was  in 
creased/  Sir  Astley  Cooper  mentions  two  eases  in  which 
the  secretion  of  milk  was  instantaneously  and  permanently 
arrested  from  terror.'  These  case^  are  tj^pes  of  nuraerons 
others,  which  have  been  reported  by  writers,  of  the  efl*ectd 
of  mental  emotions  upon  secretion. 

In  the  present  state  of  our  knowledge,  we  can  only  com- 
prehend tlie  influence  of  mental  emotions  upon  secretion,  by 
assuming  that  they  operate  through  the  nervous  system  ;  and 
in  many  of  the  glands,  the  influence  of  the  nerves  has  been 
clearly  demonstrated  by  actual  experiment.  Direct  observa- 
tions, however,  upon  the  influence  of  the  nerves  upon  the 
mammary  glands  are  few  and  unsatisfactory.  The  opera- 
tion of  dividing  the  nerves  distributed  to  these  glands, 
which  hiis  occasionally  been  practised  upon  animals  in  lac- 
tation, has  not  been  observed  to  proiluce  any  sensible  dimi- 
luition  in  the  quantity  of  the  secretion/  It  is  difficult, 
however,  to  operate  upon  all  the  nerves  distributed  to  these 


Quantity  of  Milk. — It  is  very  difficult  to  form  a  reliable 
estimate  of  the  average  quantity  of  milk  secreted  by  the  hu- 
man female  in  the  twenty *lx»ur  hours.  The  amount  undoubt- 
edly varies  very  much  in  diflerent  persons ;  some  women 
being  able  to  nourish  two  children,  while  others,  though  r]> 
patently  in  perfect  health,  furnish  hardly  enough  food  for  one. 

1  TntMOts  ict  BscquKaci^  2>ii  laH  chat  ta  femme  daiu  Ntai  de  §anU  d  dam$ 
tkat  de  moladie,  Paris^  1853,  p.  73, 

*  Coorsji,  The  Anatomy  and  Dmatea  of  the  Brtatt^  Fhiladelpliiii,  1845| 
p.  101. 

^  Loxarr,  TrmU  de ph*fswtoffie,  PuiiSf  1800^  tome  11,  p.  S9I. 
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Cooper,  as  the  result  of  direct  observation^  states  that  the 
tp^ntity  that  can  be  drawn  from  a  full  brea&t  is  usually  about 
^^  flaidouiiees/     This  may  be  assumed  to  be  about  tlie 
<l^*uitity  contained  in  the  lactiferous  ducts  when  tbey  are  mod- 
erately distended,     Lehmann,  taking  for  the  basis  of  bis  cab 
cuUtions  the  observations  of  Lamperierre,'  who  found,  as 
tlie  residt  of  sixty-seven  experimentSj  that  from  iifty  to  sixty 
gramme  of  milk  were  secreted  in  two  hours,  estimates  that 
the  average  quantity  discharged  in  twenty-four  hours  is 
1,320  grammes,  or  about  44*5  fluidounces/    Robin  estunates 
that  the  daily  quantity  is  from  thirty-four  to  one  hundred 
flttidounces ;  *   Init  he  does  not  give  the  data  from  which 
this  estuuate  is  formed.     Taking  into  consideration  the  evi- 
dent variations  in  the  quantity  of  milk  secreted  by  different 
women^  it  maybe  assumed  that  the  daily  production  is  from 
two  to  six  pints. 

Certain  conditions  of  the  female  are  capalde  of  ma- 
fierially  influencing  the  quantity  of  milk  secreted.     It  is 
evident  that  the  secretion  is  usually  somewliat  increased 
within  the  first  few  months  of  lactation,  when  the  progressive 
development  of  the  child  demands  an  increase  in  the  quan- 
tity of  nourishment.     If  the  menstrual  function  beeomo  re- 
esstablished  during  lactation,  the  milk  is  usually  diminished 
in  quantity  during  the  periods,  but  sometimes  it  is  not  af- 
fecteiU  either  in  its  quantity  or  composition.     Should  the 
female  become  pregnant,  there  is  generally  a  great  diminu- 
tion in  the  quantity  of  milk,  and  that  which  is  secreted  is 
r  ordinarily  regarded  as  possessing  little  nutritive  power.     In 
^ol>edieuce  to  a  popular  prejudice,  apparently  well-founded, 
the  child  is  usually  taken  from  the  breast  as  soon  as  preg- 
nancy is  recognized.     All  of  these  conditions  have  been 


'  CoorsB,  Th4  Amdomtf  and  IH$eaMi  of  the  Breasif  Phikdtlpliia,  18i5,  p*  &8. 

•  L.ut7CiusBitR,  Des  mojffnM  d  rreonuaHre  hi  qHaniiti  €(  ht  qunlUu  tk  la  secri* 
Urn  laeUt  e^  lafemme. — Comptet  rrjulwi^  Paris^  1850,  tome  iJtx*»  p.  174. 

•  LcHMASN,  Ph^iotofficttl  ChfniUtri/^  PbiludclphU,  1855,  vol.  il,  p.  63. 

•  KoBi!(^  Lertrnt  sur  let  hutneurt^  Ptiris,  1867,  p,  402. 
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clo&ely  studied  by  Vemois  and  Becqiierel,  with  reference 
their  inflnence  upon  tlie  composition  of  tlie  milk ;  and  tliejj 
observations  will  be  fuUy  considered  iu  treating  of  the  che 
istrj  of  the  niaraniary  secretion.     Authors  have  not  not 
any  marked  and  constant  variations  in  the  quantity  of  mil 
in  females  of  diflFerent  ages. 


Prapertm  and  CompoBition  of  t/ie  Milk, 

The  general  appearance  and  characters  of  ordinary  coi 
milk  are  sufficiently  familiar  and  may  serve  as  a  standar 
for  comparison  with  the  milk  of  the  human  female.*  llumaii 
milk  is  not  so  white  nor  so  opaque  as  cow's  milk,  ha\dnj 
ordinarily  a  slightly  bluish  tinge.  The  milk  of  differeui 
healthy  Avomen  presents  some  variation  in  this  regard.  Aftc 
the  seei'ction  has  become  fully  established,  the  fluid  possess^ 
no  viscidity,  and  is  nearly  opaque.  It  is  almost  inodorous 
of  a  peculiar  soft  and  sweetish  taste,  and  when  perfectlyj 
fresh,  has  a  decidedly  alkaline  reaction*  The  taste  of  hx 
man  milk  is  sweeter  than  that  of  cow's  milk,  A  shor 
time  after  its  discharge  from  the  gland,  the  reaction  of* 
milk  becomes  faintly  acid ;  but  this  change  takes  place 
more  slowly  in  human  milk  than  in  the  milk  of  most  of 
the  inferior  animals. 

The  average  specific  gravity  of  human  milk,  according  tc 
Vernois  and  Becquerel,  is  1032 ;  though  this  is  subject  to 
considerable  variation,  the  minimum  of  eight j^uine  obser- 
vations being  1025,  and  the  maxlnunn,  1040.'  Tlie  observa-^ 
tions  of  most  physiological  chemists  have  shown  that  thia 
average  is  nearly  correct. 

Milk  is  not  coagulated  by  heat,  even  after  prolonge 
boiling ;  but  a  thin  pellicle  then  forms  on  the  surface,  whic 
is  probably  due  to  the  combined  action  of  heat  and  the  at- 

>  The  propcrtiea  und  composition  of  coir'a  milk  bate  already  been  co&sid* 
eired  in  another  Tolume.    See  vol.  11,  AlimeotiLtioQ^  p,  77,  tt  nq. 

'  Vjaixois  re  B^caFEatL,  Du  laU  chet  k/emme^  Paris,  1853,  p,  14. 
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moftpliere  upon  the  eaBaine.  Although  a  small  quantity  of 
aRrtiineti  exbts  in  the  milk,  this  does  not  coagulate  on  the 
Kfffece  by  the  action  of  heat,  for  the  scion  does  not  form 
"wkn  the  fluid  is  heated  in  an  atnioBphere  of  carbonic  acid, 
or  of  hydrogen,  or  in  a  vacuum/ 

When  the  milk  is  coagulated  by  any  substance  acting 

upon  the  caseine,  or  when  it  coagulates  spontaneously,  it 

eepurates  into  a  curd,  composed  of  caseine  with  most  of 

the  httj  particles,  and  a  nearly-clear,  greenisli-yellow  semm, 

called  whey.     This  separation  occurs  spontaneously,  at  a 

ruriable  time  after  the  discharge  of  the  milk,  taking  place 

mach  more  rapidly  in  warm  than  in  cold  weather.     It  is  a 

ctinou5>  fact  that  fre^h  milk  is  frequently  coagulated  during 

a  thander-stormj  a  plienomenon  which  has  never  been  sat- 

i?&ctorily  explained* 

On  being  allowed  to  stand  for  a  short  time,  the  railk 

'separates,  without  coagulating,  into  two   tolerably-distinct 

portions,    A  large  proportion  of  the  globules  rise  to  the  top, 

forming  a  yellowish-white,  and  very  opaque  fluid,  called 

cream,  leaving  the  lower  portion  poorer  in  globules  and 

of  a  decidedly  bluish  tint.      In  healthy  milk  the  stratum 

of  cream  forms  from  one-fifth  to  one-third  of  the  entire 

of  the  milk.     In  the  human  sultject  tlie  skim-milk  is 

not  white  and  opaque,  but  is  nearly  as  transparent  as  the 

whey.     This  is  a  very  good  method  of  testing  the  richness 

of  milk;   and  little  graduated  glasses,  called  lactometers, 

have  been  constructed  for  measuring  the  thickness  of  the 

aycr  of  cream.      The  specific  gravity  of  the  cream  from 

'tnilk  of  the  average  specific  gravity  of  1032  is  about  1024. 

The  gpecific  gravity  of  the  skim-milk  is  about  1034. 

Microscopical  CfiaracterB  of  ih£  Milh~I{  a  drop  of  milk 
be  examined  with  a  magnifying  power  of  from  three  hun- 
dred to  six  hundred  diameters,  the  cause  of  its  opacity  will 
be  apparent.    It  contains  an  immense  number  of  minute 

*  RoBi!r)  LefonM  turlet  kwngun^  F&rtB,  1867,  P'  886. 
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globiiled,  of  great  refractive  power,  held  in  suspeiisioE 
clear  fluid.      The?o  are  koown  under  the  name  of  milk* 
globules,  and  are  composed  of  margarine,  oleine,  and  a  fatty 
matter,  peculiar  to  milk^  called  biitjrine.     In  human  milk 
the  particles  are  perfectly  spherical ;  but  in  cow'g  milk  the; 
are  often  polyhedric  from  mutual  compression.     This  differ-^ 
ence  is  due  to  the  softer  consistence  of  tbe  Imtter  in  human 
milk,  the  globules  containing  a  much  larger  proportion  o\ 
oleine ;  and  if  cow's  milk  be  warmed,  the  particles  also  as-' 
sume  a  spherical  form. 

The  human  milk-globules  measure  from  xs^rs^  ^^  TjVir 
of  an  inch  in  diameter.     They  are  usually  distinet  from  eaeh^ 
other,  but  may  occasionally  become  collected  into  groupsB 
without  indicating  any  thing  abnormah     In  a  perlectly  nor- 
mal condition  of  the  glands,  when  the  lacteal  secretion  has 
become  fully  established,  tbe  milk  contains  nothing  but  a 
clear  fluid  with  tliese  globules  in  suspension.    The  propor-B 
tion  of  fatty  matter  in   the  milk  is  from  twenty-five  to 
forty-eight  parts  per  thousand,  and  tins  gives  an  idea  of  the 
proportion  of  globules  which  are  seen  on  microscopical  ex- 
amination. 

There  has  been  a  great  deal  of  discussion  with  regard  to 
the  anatomical  constitution  of  the  milk-globules.  In  many 
late  works  it  is  stated  that  they  fire  true  anatomical  ele- 
ments, composed  of  fatty  matters  surrounded  by  an  albumin- 
oid memlmme;  l)Ut  other  i;\Titer8  assume  that  the  fat  is 
merely  in  tlie  form  of  an  emnlsiou,  and  is  simply  divided 
into  globules  and  held  in  suspension,  like  the  fatty  particles 
of  the  chyle.  No  one,  however,  has  assumed  to  have  seen 
the  investing  membrane  of  the  milk^globules,  and  its  exist- 
ence is  only  inferred  from  tlie  behavior  of  these  little  par- 
ticles in  the  pi-esence  of  certain  reagents. 

It  is  unnecessary  to  review  in  detail  the  numerous  opin* 
ions  that  have  been  advanced  on  tliis  subject.  As  far  as 
can  be  ascertained  by  simple  examination,  even  with  the 
highest  magnitying  powers,  the  globules  appear  perfectly 
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Uoraogeneoiis ;  and  the  burden  of  proof  rests  with  those  who 
-pTofesfi  to  be  able  to  denionstrate  the  existence  of  an  invest- 
ing membrane.  Kobin,  one  of  tUo  highest  autliorities  on 
these  subjects^  argues  against  the  existence  of  a  membrane, 
and  opposes  tlie  observations  of  those  who  assume  to  have 
demonstrated  it  by  explanations  of  the  phenomena  produced 
br  mgents,  which  do  not  involve,  as  a  necessity^  the  pres- 
ence of  Buch  a  structure.  The  arguments  in  favor  of  its  ex- 
istence are  not  very  satisfactory ;  and  the  experiments  upon 
wliich  they  are  based  relate  chiefly  to  the  action  of  ether  upon 
tic  globules  before  and  at\er  the  action  of  other  reagents. 

If  a  quantity  of  milk  be  shaken  up  with  an  equal  volume 
ofefher,  the  mixture  remains  opaque;  but  if  a  little  potash 
Ih)  added,  the  fatty  matters  are  digsolvedj  and  the  mixture 
tlien  becomes  more  or  less  clear.  These  facts  are  all  that 
cam  be  observed  without  following  out  the  changes  with  the 
microficope.  Robin  has  shown  that  the  fatty  particles  are 
acted  upon  when  the  milk  is  thoroughly  agitated  with  ether 
alone;  and  that  the  opacity  is  then  due  to  tlie  fact  that  the 
ether,  witJi  the  fat  in  sohition,  is  itself  in  the  tbrm  of  an 
emulsi<m.  If  the  opaque  mixture  of  milk  and  ether  be  ex- 
mined  with  the  mioroscupe,  globules  are  seen,  larger  than 
'the  ordinary  milk-globules^  much  paler,  and  possessing  much 
less  refractive  power.  These  he  supposes  to  be  composed 
of  fat  and  ethen  If  potash  be  added,  either  before  or  after 
the  addition  of  ether,  the  constitution  of  the  whole  mass  of 
liquid  is  changed,  and  it  becomes  somewhat  transparent, 
though  by  no  means  perfectly  clear/  It  is  assumed  that,  in 
the  first  instance,  the  ether  does  not  attack  the  globules,  be- 
cause it  has  no  effect  upon  the  membrane  wliich  is  supposed 
to  exist,  and  that  the  potash  acts  upon  the  membrane,  allow- 
ing tlie  ether  then  to  take  up  the  tat ;  but  if  tlie  observations 
uf  liobin  be  correct,  it  is  evident  that  this  view  caonot  be 
sujstained. 

If  dilute  acetic  acid  be  added  to  a  specimen  of  milk  under 

'  Robin,  Lemons  titr  la  hutneura^  Pflris,  186t,  p.  3911,  ct  tfq. 
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the  microscope,  the  globules  become  deformed,  and  soiEie  i 
them  show  a  tendency  to  run  together ;  an  appearance  whic 

is  supposed  by  Henle,  who  was  the  first  to  study  closely  tl 
action  of  acetic  acid  upon  the  milk-globules,  to  indicate  ' 
existence  of  a  membrane/     This  deduction,  however,  is  no 
justifiable.    Acetic  acid  readily  cojigulates  the  caseine,  a 
principle  wliich  is  m<>st  efficient  in  maintaining  the  fat  in  it 
peculiar  condition.     The  coagulating  caseine  then  presse 
upon  the  globules,  and  produces,  in  this  way,  all  the  ct 
in  form  that  have  been  observed. 

Most  of  the  other  arguments  in  favor  of  the  existence  o| 
a  membrane  have  no  support  in  direct  observation,  and  con 
sequently  do  not  demand  special  consideration ;  while  all  tt 
facts  which  we  have  been  able  to  find  relating  to  this  sul 
ject  go  to  show  tliat  the  fatty  matters  in  the  milk  are  in  the 
condition  of  a  simple  emulsion.  The  precise  condition, 
however,  of  the  fluid  immediately  surrounding  the  globulea 
is  not  fully  understood.  Certain  of  the  constituents  of  fluids 
capable  of  forming  emulsive  mixtures  with  lifj^uid  fats  may 
fonn  a  coating  of  excessive  tenuity  immediately  around 
the  globules,  but  they  never  constitute  distinct  membranes 
capable  of  resisting  the  action  of  solvents  upon  the  fats ;  and, 
in  the  case  of  the  milk,  they  do  not  prevent  tlie  mechanical 
union  of  the  globules  into  masses,  as  occurs  in  the  prcKsess 
of  churning,  ^m 

Milk-globules  less  than  j^^jj  of  an  inch  in  diameter  pre^l 
sent  under  the  microscope  that  peculiar  oscillating  motion 
known  aa  the  Brownian  movement.    This  is  arrested  on  the 
addition  of  acetic  acid,  by  coagulation  of  the  caseine. 

From  these  facts,  it  is  evident  that  the  milk-globules  are 
composed  simply  of  fat  in  the  condition  of  a  fine  emulsioB 
They  are  not  true  anatomical  elements,  originating  by 
process  of  genesis  in  a  blastema,  undergoing  physiologica 
decay,  and  capable  of  self-regeneration  fi-om  materials  fur*' 
nished  by  the  menstruiun  in  which  they  ai'e  suspended,  likoj 

■  Hiyt%  Traili  d*anatmnk  gknMk^  Fark,  1843,  tome  11^  p.  6S1. 
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tie  blood-corpuscles  or  leucocytes. 
meoU  of  secret  ion. 


They  are  &imply  ele- 


Gmpo&Uwn  of  the  Mllh — ^We  do  not  propose,  in  treat- 
iBg  of  tlie  composition  of  the  milk,  to  consider  the  various 
metliods  of  analysis  which  have  been  employed  by  different 
chefflifitsu  The  only  constituent  that  has  ever  presented 
mncli  difficulty  in  the  estimation  of  its  quantity  is  caseine ; 
but  the  various  processes  now  employed  in  it^  extraction 
lead  to  neai'ly  the  same  results.  The  following  table,  com- 
piled by  Robin  from  the  analyses  of  various  chemists,  gives 
tlie  constituents  of  human  milk/ 

Compontum  of  Human  Milh 

T^iter , ..., SK)2*n7  to    868'149 

Ctfdne  (deticc*tcd> 29*000  »  39*000 

Ii«l4Vprolestt« liXK>  "  2770 

iU>uaieB« traces  "  0880 

'Margarijie H'OOO  "  25*840 

Oleine T'OOO  "  11*400 

Eutymc^  Caprine,  Oaprome,  Ca- 

priUuo.. O'SOO  "  0*T60 

Sagar  of  milk  f  Lactme^  or  Uctoae) S7-000  "  49'000 

LatUte  of  flod«(?) , , 0'420  **  0'4aO 

Chloride  of  »odiunL 0-240  **  0-340 

CU(Mde  of  poUsfliom 1*440  **  1*830 

Ottbontte  of  sodA, 0-053  "  O-OSfl 

CttBonate  of  lime. 0'069  "  0*070 

Pboiphate  of  Ume  of  the  bones 2*310  *'  8*440 

ale  of  magnesia 0*420  **  0*640 

!  of  BOda, 0*225  "  0-230 

ite  of  iron  (?). 0*082  *'  00^0 

S«lpliatc  of  ioda 0*074  »*  0*075 

Sil^hate  of  potaasa  . traces. 


6utt&,  «6  to  S8 


Oijgea 1'29 

Nitrogen....  1217 
Carbonic  add  16*54 


l,0OO't»O0         1/>00*(XK) 


30  part6  per  1^000  in  Tolume.* 


^  1loiit5,  Jjefona  9ur  la  hnmmr^^  Paris,  1637,  p.  895<  In  copying  this  tabic, 
tie  iJT&ngcment  has  been  somewhat  modified,  and  an  evident  arithmetical  error 
hti  been  corrected. 

*  HOPTE,  Unlermekunffm  Uber  die  Be^ndthtile  der  Mildi  tind  ihte  *MfcAif«ii 
74 
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The  proportion  of  water  Iti  milk  is  subject  to  a  certain 
amouut  of  variation,  but  this  is  not  &o  coneiderable  as  might 
be  expected  from  the  gveiit  variations  in  tlie  entire  quantity 
of  the  secretion.  In  treating  of  the  quantity  of  milk  in  the 
twenty-four  hours,  we  have  seen  that  the  influence  of  drinks, 
even  when  nothing  but  pure  water  has  been  taken,  is  very 
marked ;  and  although  the  activity  of  the  secretion  is  much 
increased  by  fluid  ingesta,  the  quality  of  the  milk  is  not 
usually  affected,  and  the  proportion  of  water  to  the  solid 
matters  remains  about  the  same, 

Niirogenhed  CorutUuents  of  Milk. — Yery  little  remains 
to  be  said  concerning  the  nitrogenized  constituents  of  human 
milk  after  what  has  been  stated  with  regard  to  the  compo- 
sition of  cow's  milk,  in  another  volume.*  The  difterent 
principles  of  this  class  undoubtedly  have  the  same  nutritive 
function^  and  appear  to  be  identical  in  all  varieties  of  milk, 
the  only  diiference  being  in  their  relative  proportion.  It  is 
a  matter  of  common  exiierience,  indeed,  that  the  milk  of 
many  of  the  lower  animals  will  take  the  place  of  human 
milk,  when  prepared  so  as  to  make  the  proportions  of  its 
different  constituents  approximate  the  composition  of  the 
natural  food  of  the  child,  A  comparison  of  the  composi- 
tion of  human  milk  and  cow's  milk  shows  that  the  former 
is  pooi-er  in  nitrogenized  mattei-Sj  and  richer  in  butter  and 
sugar;  and  consequently,  the  upper  strata  of  cow*s  milk, 
approj>riutely  sweetened  and  diluted  with  water,  very  nearly 
represent  the  ordinary  breast-milk, 

Caseine  is  by  fiir  the  most  important  of  the  nitrogenized 
principles  of  milk,  and  supplies  nearly  all  of  this  kind  of 

Zeratxun^m. — ViRcnow's  Arckiv^  Berlin,  1859,  Bd.  xviu,  S.  439.  The  ob&err*- 
tions  of  Hoppe  were  made  upon  goat's  milk,  and  in  the  apparatus  aged,  Uie  tmlk 
was  drawn  directlj  Into  the  receiver  and  careftilly  protected  from  conUet  witli 
the  air.  Boppe  criticises  the  obBervntions  of  Lehmann  and  Vogel  ad  probablj 
Inoorrect,  the  fluid  not  being  sufficiently  protet^Led  from  the  atmosphere,  wMch 
gives,  according  to  lloppc,  an  excess  Ln  the  proportion  of  oxjgen* 
*  See  Tol  ii.,  Alimcntatioo,  p,  7V,  d  »fq. 
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mitritive  mattefcrefnanded  by  tlie  child.  Lacto-proteine/  a 
principle  deserihed  by  Millon  and  Comniaille,  Is  not  so  well 
JefineJ,  and  albumen  exists  in  the  milk  in  very  small  quan- 
tity. That  albumen  always  exists  in  milk  can  readily  be 
fiiuwn  by  the  following  process  described  by  Bernard : 
If  milk,  treated  with  an  excess  of  sulphate  of  magnesia  so  as 
to  fonn  a  thin  paste,  be  thrown  upon  a  filter,  the  eascine 
and  fetty  matters  will  be  retained,  and  the  clear  liquid 
thgt  paseea  through  ehows  a  marked  opacity  upon  the  aji- 
plicarion  of  heat  or  the  addition  of  nitric  acid.* 

The  coagulation  of  milk  depends  upon  the  reduction  of 
the  caseine  from  a  liquid  to  a  eemisoHd  condition.  When 
milk  is  allowed  to  coagulate  spontaneously,  or  sour,  the 
change  is  effected  by  the  action  of  tlte  lactic  acid  which  re- 
mits from  a  transformation  of  a  portion  of  the  sugar  of  milk. 
Caseine,  in  fact,  is  coagulated  by  any  of  the  acids,  even  the 
feeble  acids  of  organic  origin.  It  differs  from  albumen  in 
thifl  regard,  and  in  the  fact  that  it  ia  not  coagulated  by  heat. 
It  has  been  suggested  that  in  fresh  milk  the  caseine  exists 
in  combination  witli  cai'bonate  of  soda,  and  that  coagulation 
always  takes  place  from  the  action  of  acids  upon  this  salt, 
by  which  the  caseine  is  set  free.  It  is  true  that  coagulated 
eaj&eine  may  be  readily  dissolved  in  a  solution  of  carbonate 
yf  soda,  but  it  has  been  shown  by  the  experiments  of  Sehni, 
that  coagulation  may  be  induced  by  the  agency  of  certain 
neutral  piinciples,  while  the  milk  retains  its  alkaline  reac- 
tion. If  fresh  milk  be  slightly  raised  in  temperature,  and 
he  treated  with  an  infusion  of  the  gastric  mucous  membrane 
»if  t!ie  calf^  coagulation  will  take  place  in  from  five  to  ten 
minutes,  the  clear  liquid  still  retaining  its  alkaline  reaction.* 
This  observation  has  been  repeatedly  confirmed.     Simon 

^  ICtiLOJi  XT  €^uuAiLix^  JVcmre^e  mhttatt^  nlbutHhidt  continue  dana  U  ImU,^ 
Compte§  rmdm,  Pftris,  1864,  tome  Ux.,  p.  301. 

*  BCKHARP,  Liquidet  de  Vorgmiimm^  FarU,  1859^  tome  iL,  p.  224, 

•  ScLirrf  Bfthfreh€S  mtr  Tadi<m  de  bi  preture  dam  la  coatjitdation  dn  fat*.— 
Mrnal  d« pharmticH  et  de  chtmie^  Ptria,  1S46,  Sme  sune,  tome  ix,^  p.  265. 
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bag  also  found  that  the  mncous  membrane  of  the  stomach 
of  an  infant  a  few  days  old,  that  had  recently  died,  coagii 
lated  woman's  milk  more  readily  than  the  mucous  memb: 
of  the  etomach  of  the  caHV 


lagn- 
raiMri 


N'otirKitrogenized   Camtituents  of  Milk. — ^Non-nitro- 
genked  mattera  exi^t  in  abmidanco  in  the  milk.      The 
liquid  caseine  and  the  water  hold  the  fats,  as  we  have    ( 
seen^  in  the  condition  of  a  fine  and  permanent  emulsion. 
This  fat  has  been  eeparated  from  the  inilk  and  analyzed  by 
chemists,  and  is  kno^^Ti  under  the  name  of  butter.     In 
human  milk,  tlie  butter  is  much  softer  than  in  the  mUk  of     I 
many  of  the  inferior  animals,  particular!}'  tlie  cow ;  but  it  i^j 
composed  of  essentially  the  same  constituents,  though  I^H 
diffei'ent  proportions.      In  different  animals  there  are  de^ 
veloped,  even  after  the  discharge  of  the  milk,  certain  odor-    ^ 
0U9  principles,  more  or  less  characteristic  of  the  animal 
from  which  the  butter  is  taken. 

The  greatest  part  of  the  butter  consists  of  margarini 
It  contains,  in  addition,  oleine,  with  a  email  quantity 
peculiar  fats,  not  very  well  determined,  called  butjTine^ 
caprine,  caproine,    and    capriUae.       The    margarine   ani 
oleine  are  principles  found  in  the  fat  throughout  the  bod 
but  the  last-named  substances  are  peculiar  to  the  milk 
These  are  especially  liable  to  acidification,  and  the  acids 
resulting  from  their  decomposition  give  the  peculiar  odor 
and  flavor  to  rancid  butter.'    Bromeis  estmiated  the  difft 
eat  constituents  of  the  butter  from  cow's  milk,  and  found 
to  contahi  sLxty-eight  parts  of  margarine,  thirty  parts  ^ 
oleine,  and  two  parts  of  butyrine,  capronine,  and  caprine.' 

^  SiXDN,  Animid  ChemiMrtf  wUh  Refermce  to  the  Ph^Moff^  and  FatMo^  </ 
^faH,  Phikdelpbia,  1846,  p.  838. 

'  But yrino  urns  dtscoreredi  und  ihe  changes  which  it  is  liable  to  undergo 
were  first  descrlhod  b/  Chevrcul,  (Faitt  pour  tervir  d  tkUtoire  du  beurr*  d$ 
vtiehf.  ExtraiU  dun  mhnoire  lu  d  VAmdume  dm  jSHfncet,  le  U  juin,  1819. 
— Annahit  de  chimU  et  dephjffi^ue,  Pttrts,  1823,  tome  xiii*|  p.  373*) 

*  BnoMEtB,  Uc^  c^  in  dcr  B\tUcr  cnthalknen  Fdte  und  fdkn  SaSirtn,^^AA» 
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Sugar  of  milk,  sometimes  called  lactine,  or  lactose,  is  the 

most  abundant  of  the  solid  constituents  of  the  mammary 

f^cretioih      It  is  thia  principle  tliat  ^j^We^  to  the  milk  its 

peculiar  sweetish  ta^te,  thougli  this  variety  of  BUgar  is  much 

less  sweet  than  cane-sngar.     The  chief  peculiarities  of  milk- 

siigar  are,  that  it  readily  undergoes  change  into  lactic  acid 

in  tlie  presence  of  nitrogen ized  forme ntt^^  and  takes  on  alco- 

lialic  fermentation  bIowIj  and  i^nth  difficiiltr.     At  one  time, 

indeeflj  it  was  biippoeed  tliat  milk-sugar  could  not  be  decom- 

jK«?ed  into  alcohol  and  carLonic  acid ;  but  it  is  now  well 

established  that  this  change  can  be  induced,  the  only  peeu- 

j  liarit  J  being  tliat  it  takes  place  very  slowly.    In  Bome  parts 

of  the  worhl,  intoxicating  drinks  are  made  by  the  alcoholic 

ferraentation  of  mOk.     ililk-sugar  is  composed  of  C.^H^^O,, 

and  responds  to  the  ordinary  tests  fur  the  animal  varieties 

of  sugar. 

A  consideration  of  the  nutritive  action  of  the  fatty  and 

echarine  constituents  of  milk  belongs  properly  to  the  sub- 

Ijectt  of  aluoeutation  and  nutrition.     It  may  be  stated  here, 

however,  that  these  principles  Bcem  to  be  as  necessary  to  the 

imtrition  of  the  child  115  the  nitrogen ized  principles ;  thougli 

lie  precise  manner  in  which  they  aftect  the  development 

nd  regeneration  of  the  tissues  has  not  l»een  ascertaiueft 

Inorganic  Chnstliuenis  of  Jltlh — It  is  ]>robable  that 
jany  inorganic  principles  exist  in  the  milk  which  are  not 
fven  in  the  table ;  and  the  separation  of  these  princijiles 
>m  their  combinations  with  organic  matters  is  one  of  the 
lost  difficult  problems  in  physiological  chemistry.  This 
lust  be  the  case,  for  during  the  first  months  of  extra-uterine 


I  <2<r  Chemie  und  Pharrimcif^  Heidelberg,  1842,  B.  xlli.,  S,  ^0,  The  ftboTe 
if  mn  approxlmiitivc  e&timate  of  the  proportions  of  the  various  faltj  conatitucntfl 
«f  butter,  dcfhiced  from  the  quantities  of  fatty  acids  obtained.  Uromeje*,  like 
musf  chemist  a  of  tlmt  day,  supposed  that  the  neutral  fflta  were  couipoBcd  of 
the  ikltT  ACidd  combiocd  wiih  glycerine,  or  the  oxide  of  gljeile.  It  is  now  fjen- 
cra!1r  admitted  that  the  fatly  acid"?  and  glycerine  aru  fornit^d  by  aetunl  dccom* 
pO4ttlo0,  and  do  not  exist  in  combinatioQ  in  the  neutral  fats. 
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existence,  the  child  derives  all  the  inoiganic,  as  well  as  th^ 
orgauic  niattei's  necessary  to  nutrition  and   development 
from  the  hreatit  of  the  inother.     The  reaction  of  the  miU 
depends  npon  the  presence  of  the  alkaline  carbonate?,  and 
thesie  principles  are  important  in  preservinpj  the  flnidltj  ol 
the  caseine.     It  ia  not  determined  precirtelj  in  what  foru 
iron  exists  in  the  mi  lie,  but  its  presence  here  is  midoubtei: 
A  comparison  of  the  composition  of  the  milk  with   thai 
of  the  blood  will   show  that  nioBt   of  the   important   iti- 
organic  principles  fonnd  in   the   latter  fluid  exist  ako  iu 
the  milk* 

Iloppe  has  indicated  the  presence  of  carbonic  acichnitra 
gen,  and  oxygen,  ui  sulution,  in  milk/  Of  these  gases,  car^ 
bonic  acid  is  the  most  abundant.  It  is  well  known  that  thfl 
]iresenee  of  ga^^es  in  eoliition  in  litpiids  renders  them  nnor 
agreeable  to  the  taste^  and  carljonic  acid  increases  very  ina^ 
terially  their  solvent  propeiliies.  Aside  from  these  consideraJj 
tions,  the  precise  funetion  of  the  gaseous  constituents  of  the ' 
milk  is  not  apparent. 

A  study  of  the  composition  of  the  milk  fully  confir 
the  fact,  which  we  have  idreatly  liad  occasion  to  state,  tlia^j 
this  is  a  typical  alimentary  fluid,  and  presents  In  itself  th^ 
proper  proportion  and  variety  of  material  for  the  nourish* 
ment  of  the  body  during  the  period  when  the  development 
of  t!ie  system  is  going  on  with  its  maximum  of  activityJ 
The  form  in  which  its  different  nutritive  constituents  exist 
is  such  that  tliey  are  easily  digested  and  are  assimilate 
witli  great  rai»idity. 

Yariatiom  in  the  Composition  of  tl^  Milk, 

Tlio  jnost  elaborate  researches  concerning  the  variationa 
in  the  composition  of  the  milk  are  those  of  Vernois  and] 
Becquerel.     Their  observations  relate   to  the  compositioaj 
of  milk  botli  in  healtli  and  disease;  but  we  shall  cansidei 
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»rily  the  differences  this  fluid  has  been  Ibiind  to  present  imrler 
raijing  nannal  conditions.  Yemois  and  Beeqnerei  have  in- 
Jicated  a  certain  amount  of  variation  at  ditierent  ages  and  at 
different  periods  in  lactation,  but  they  show,  at  the  same  time, 
thattlieflnid  is  not  subject  to  changes  in  its  composition  suf- 
ficiently great  to  influence  materially  the  nutrition  of  the 
child 

If  the  composition  of  the  railk  be  compared  at  different 
j>eriods  of  lactation,  it  will  be  found  to  undergo  great 
changes  during  the  first  few  days.     In  fact,  the  first  fluid 
secreted  after  parturition  is  so  different  from  other  milk, 
that  it  has  been  called  by  another  name.     It  is  then  known 
a?  colostrum,  the  peculiar  properties  of  which  will  be  con- 
ridere^l  more  fully  hereafter  under  a  distinct  head.     As  the 
eecretion  of  milk  becomes  established,  the  fluid,  fmm  the 
first  to  the  fifteenth  day,  becomes  gradually  diminished  in 
density  and  in  its  proportion  of  water  and  of  sugar,  while 
there  ia  a  progressive  increase  in  the  proportion  of  most  of 
the  other  constituents ;  viz.,  butter,  caseiue,  and  the  inor- 
ganic salts.*     The  milk,  therefore,  as  far  as  we  can  judge 
from  lis  composition,  as  it  increases  in  quautity  during  the 
first  few  days  of  lactation,  is  constantly  increasing  in  its 
uutritive  properties. 

The  differences  in  the  composition  of  the  milk,  taken 
from  month  to  month  during  the  entire  period  of  lactation, 
are  not  so  distinctly  marked.  It  is  difficult,  indeed,  to 
indicate  any  constant  variations  of  sutficient  importance  to 
lead  to  the  Tiew  that  the  milk  varies  much  in  it4  nutritive 
properties  at  different  times,  within  the  oixlinary  period  of 
lactation. 

If  we  except  the  fii'st  few  months,  the  secretion  is  not 
foiuid  to  present  any  constant  variatii>ns  in  density.  Vernois 
mi  Becquerel  found  a  notable  increase  in  the  proportion  of 
e<tlid  matters  from  the  first  to  the  thir^i  month ;  the  sugar 
was  increased  from  the  eiglith  to  the  tenth  month ;  the  ca- 


*  VwBXOiB  ET  Becquekjel,  Dh  luit  ches  lafemm^y  Paris,  1353^  ^  24. 
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seine  was  inci'eased  firom  the  first  day  to  the  second  month, 
inclasive,  and  diminished  from  the  tenth  to  the  twenty- 
fourth  moeth ;  there  was  a  constant  and  eonsidemble  increase 
in  the  proportion  of  butter,  frcnn  tlie  iiret  day  to  the  fifth 
month,  and  a  dimination  from  tlie  fifth  to  the  Bixth,  and 
from  the  tenth  to  the  eleventh  month  ;  there  was  a  &Hght, 
feeble,  but  almost  con&tant  and  progressive  increase  in  the 
proportion  of  salts  from  the  first  day  to  the  fitYh  month,  and 
a  diminution  at  all  other  periods/ 

The  ditiereoces  noted  between  the  milk  of  primipaiD^J 
and  niQltipara^  were  very  elight  and  not  very  important,    ^&^^ 
a  rulcj  however,  the  milk  of  priniiparte  approached  more 
nearly  the  normal  standard,  ^U 

The  menstrual  i>eriods,  when  they  occur  during  lactational 
have  been  found  by  most  observers  to  modify  considerably^ 
the  composition  and  properties  of  the  milk;  and  it  is  we 
known  to  practical  physicians  that  the  secretion  is  then  liabl 
to  produce  serious  disturbances  of  the  digestive  system  o| 
the  eliild,  though  frequently  these  efleet^  are  not  observe 
The  changes  in  the  composition  of  the  milk  which  con 
monly  occur  during  menstruation  are,  great  increase  in  the 
quantity  of  caseine,  increase  in  the  proportion  of  butter  and 
the  inorganic  salts,  and  a  shgbt  diminution  in  tliO  propo^ 
tion  of  sugar.     The  common  impression  that  the  milk 
unfit  ^for  the  uouriBhmeiit  (♦f  the  child  if  j^rcgnancy  oeci 
during  lactation  is  uadoubtetlly  weU-founded,  though  analj 
ses  of  the  milk  of  pregnant  women  have  never  been  mn 
on  an  extended  scale.     Yernois  and   Becquerel  ma+le  be 
one  examination  of  this  kind,  at  the  thh*d  month  of  gest 
tion,  and  found  a  great  increase  in  the  proportion  of  butt 
sliglit  increase  in  sugar  and  the  inorganic  salts,  and  a  slight 
diminution  in  the  proportion  of  caseine.* 

The  question  is  freqnentl}*  discussed  by  physiologic^ 
writers,  whether  the  milk  of  fair  women  is  diflerent  fi'ot 
that  of  brunettes.    Tliere  aix^  hardly  sufficient  data,  howeve 


»  Op,  dt,  p.  81. 


*  Op.  cii.f  p.  S8. 
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to  fonn  a  definite  opinion  npon  thi-?  subject.    The  analyses  of 
rileritier/  and  Vemois  and  Beeqiicrel^*  indicate  a  greater 
proportion  of  most  of  the   golid  matters  in  the  milk  of 
branetti^,  with  a  very  Blight  difference  in  the  proportion  of 
batter  in  favor  of  blondes.     Almost  all  authoriticB  who  havo 
eipreseed  an  opinion  npon  this  question  give  the  preference 
to  the  milk  of  brunettes.     Donn^,  howeverj  expresses  him- 
self very  decidedly  agahiBt  the  popular  prejudice  in  favor  of 
brtinettes  as  nurses.     ^*  As  regards  the  color  of  the  skin  and 
the  hair,  the  results  at  which  I  have  arrived  in  nowise  jus- 
tify the  generally-receive<l   popular  pi-ejudiee  in  favor  of 
brunettes ;  in  more  than  fom*  hundred  nurses,  I  tViund  no 
sensible  difference  in  favor  of  brunettes  over  blonde  women 
or  over  those  with  chestnut  hair;  but  of  nine  red-haired 
women,  five  only  presented  the   proper  qualities.'"      It 
would  lie  interesting  in  this  connection  to  determine  wheth- 
er there  be  any  marked  difference  in  tlie  milk  of  the  black 
iind  the  white  race,  particularly  as  it  has  long  been  the  cus- 
tom in  some  parts  of  the  United  States   to  permit  white 
children  to  be  nursed  by  black  women.     Infants  that  are 
Doimslied  in  this  way  apparently  thrive  as  w^ell  as  those 
uur?ed  by  white  women;  and  there  is  no  reason  to  sup- 
pose that  there  is  any  difference  in  the  milk  of  the  two 
races.     Sir  Astley  Cooper  mentions  some  interesting  facts 
w>ucerning  the  black  women  of  the  ^Ve^t  Indie?ij  couununi- 
cated  to  him  liv  his  nephew,  Dr.  Young,  which  show  that 


'  L*niiiiTiKa,  TraiU  de  chimie  pathoto^iqttr,  Paris,  1842,  p.  638  ;  Vkrnois  ET 
BjjcqtTHiii.,  op,  d^.»  p.  62. 

'  L*H*ri tier  WAS  the  firat  to  compupe  critically  the  milk  of  blondes  with  that 
of  hnincttes*  In  two  womtn,  twenty-two  years  of  age^  and  subjected  to  the  same 
r^pgimcn,  the  milk  of  the  bruiif  tto  contained  much  more  cascine^  butter,  augitr, 
•Ad«alt5if  than  the  milk  of  the  bloude  ■  but  these  two  instances  presented  the  ex- 
ir«a«  of  difference ;  and  as  t)ie  menu  of  all  his  obscrvatioiu*,  it  was  found  that 
iWdliensoce  wnj  comparativtjly  slight,  Veraois  and  Becquerfl  arrived  at  es- 
jawkllj  the  Mine  residt«,  except  that  the  proportion  of  butter  was  a  little 

iter  in  the  milk  of  fsiir  women. 

*  Doxxif  Coun  de  mkroicopie^  Fari^,  1844^  p.  409* 
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there  is  probably  no  difference  between  the  milk  of  tlie 
blacks  and  of  Europeans.* 

In  noniial  lactation,  there  is  no  marked  and  constant  dil^ 
lerence  in  the  eompoBition  of  milk  that  ha^  been  secreted  in 
great  abimdaiice^  and  milk  which  is  produceil  in  compara- 
ti%*ely  small  quantity ;  nor  do  we  observe  that  difference 
tween  the  milk  first  drawn  from  the  brea&t  and  that  taken 
when  the  ducts  are  nearly  empty,  which  i;^  obserred  in  il 
milk  of  the  cow.' 

Tlie  influence  of  alimentation  and  the  taking  of  liqnids 
upon  lactation  relate  chiefly  to  tlic  quantity  t»f  milk,  and  hare 
already  l»ecn  considcreti* 

In  treating  of  the  influenceis  which  motlity  the  secretion 
of  milk,  we  have  already  allmied  to  tha  effects  of  violent 
mental  emotions  upon  the  production  and  the  composition  of<^ 
this  fluid.     The  very  reoiarkable  case  of  profound  altemtion^ 
of  the  milk  by  violent  grief,  detailed  by  Vernois  and  Bee- 
querel,  is  the  only  one  in  which  the  secretion  in  this  condi- 
tion has  been  carefully  analyzeJ.     The  changes  thus  pro 
duced  in  its  composition  liave  already  been  refeiTed  to,*  tb 
most  marked  diiierence  being  observed  in  the  proportion  ol 
Viutter,  which  became  reduced  from  23* 70  to  5*14  parts  per'' 
1,000, 
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Kear  the  end  of  utero-gestation,  dm'ing  a  period  whiclj 
varies  considerably  in  different  women  and  has  not  been  M 
curately  determined,  a  small  quantity  of  a  thiekish^  string^ 
fluid  may  frequcntlj"  be  drawn  from  the  mammary  glands^J 
This  bears  little  reseml)lance  to  perfectly-formed  milk*  I^| 
is  small  in  quantity,  and  is  usually  more  abundant  in  multi-  * 
pai^a?  than  in  primiparie.     This  lluid,  with  that  secreted  for^ 

'  CooFEJi,  Thr  An<jtom*/  atid  DUcoMet  of  the  Btiast,  Philadelphia^ 

'  See  ToK  il,  Allmeotailoii,  p.  '^9. 

■  See  page  Sd.  *  See  page  86. 


CX>LOSTRUM, 


103 


the  first  few  days  after  delivery,  i&  called  colostrum.  It  is 
TelJowiali,  semiopaque^  of  a  distinctly  alkaline  reaction,  and 
§^>ii]€wliat  mucUagLuous  in  its  consistence.  Its  specific  ^ravi- 
tjh  eoDfeiderabiy  above  that  of  the  ordinary  milk,  being  from 
KM  to  1060.  As  lactation  progresses,  the  character  of  the 
secretion  rapidly  changes,  nntil  it  becomes^  loaded  with  true 
milk-globules  and  assumes  the  characters  of  ordiiiaiy  milk. 

The  op&city  of  the  coloatrmn  is  due  to  the  presence  of  a 
number  of  diflerent  corpuscular  elements.  Milk-globules,  very 
viirirtble  in  size  and  number,  are  to  be  found  in  the  secretion 
from  the  first.  These,  however,  do  not  exist  in  sufficient 
quantity  to  render  the  fluid  very  opaque,  and  tbey  are 
frequently  .aggregated  in  rounded  and  irreguliir  masses, 
lield  together,  apparently,  by  some  glutinous  matter.  Pecu- 
liar corpuscles,  first  accurately  described  by  Donne,  un- 
der the  name  of  "  granular  bodie.^,-'  and  supi^sed  to  be 
cHaracteristic  of  the  colostrum,  always  exist  in  this  fluid.* 
These  are  now  known  as  colostrum-corpuscles.  They  are 
spherical,  varying  in  sijce  from  y^Vv  ^^  ttst  ^^  ^'^  inehj  are 
f^metimes  pale,  but  more  frequently  quite  granular,  and 
contain  very  often  a  large  number  of  fatty  particles.  They 
liehave  in  all  resj^cts  like  leucocytes,  and  are  described  by 
Robin  as  a  variety  of  these  bodies.'  Many  of  them  are  pre- 
cisely like  the  leucocytes  found  in  the  blood,  lymph,  or  pus. 
Their  apf^enrance  was  very  well  described  by  Donn6,  who 
fupp06i*<l  that  they  were  mucus-corpuscles**  We  now  know, 
however,  that  the  80*called  mucns-oorpuscle  does  not  diftcr 
Din  tlie  pus-corpuscle  or  the  wdiite  corpuscle  of  the  blood ; 
rid  leucocytes  generally,  when  confined  in  liquids  that  are 
not  Rubject  to  movements,  are  apt  to  undergo  enlargement, 
tobe<MHue  fatty,  and,  in  sh<>rt,  present  all  the  different  ap- 
jiearances  observed  in  t!ie  colostrum -corpuscles.     In  addition 

'DOsxt,  Ctmra  de  mieroiMfpif^  I'ttrU^  1&44,  p.  400, 

*  RautXf  Sur  grurlqii^  pointM  d^c  rauitmnie  d  tk  h  ph^tofo^  tlenf  leucocyiH."^ 
\  tk  la  pfkifuml^U^  Pflris,  18Si>»  tome  Ji,,  p.  iiO. 
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to  tliese  corpuscular  elements,  a  small  quantity  of  mucosine 
may  frequently  be  observetl  in  the  colostrum,  on  raicroscopi- 
cal  examination. 

On  tlie  adtUtion  of  ether  to  a  epecimen  of  colostrum 
under  the  mii-roseope,  most  of  the  fatty  particles,  botli  within 
and  witliont  the  eolo&trom-rorpuseles,  are  dissolved.     Am- 
monia added  to  the  fluid  renders  it  stringy,  and  sometimes  tUe^ 
entire  mass  asgumes  a  gelatinous  eonsistenec.  ^H 

In  its  proximate  composition,  the  colostrum  presents 
many  points  of  difference  from  true  milk.  It  is  sweeter  to 
tlie  taste,  and  contains  a  greater  prc^portion  of  sugar  and  of 
the  inorganic  salts.  The  proportion  of  tat  is  at  least  equal 
to  the  proportion  in  the  milk,  and  is  generally  greater.  Iq^h 
stead  of  easeinCj  the  pure  colostrum  contains  a  large  propor^^B 
tion  of  albumen ;  and  as  the  character  of  the  secretion 
changes  in  the  process  of  lactation,  the  allmmen  becomes 
gradually  reduced  in  quantity  and  caseine  takes  its  place, 

Witliout  referring  in  detail  to  the  numerous  analyses  of 
colostrum  in  the  human  subject  and  ia  the  inferior  animal 
by  Simon,  Lassaigne,  and  others,  the   following,  deduce 
from  the  analyses  of  Clemm,  may  be  taken  aa  the  ordinar 
composition  of  this  fluid  in  the  liuman  female  : 


Composition  of  ifte  ColoBirum^ 

Water...... M5'24 

Albumen,  tnd  salts  iiiBolubk  in  alcohol » £9*81 

Butt«r,... 7-07 

Sugar  of  mUkf  extractive  matter^  and  sdte  soluble  in  alcohol. .  17 '27 

Lobs. 0*61 


1,000*00 


Colostrum  ordinarily  decomposes  much  more  readily  than 
milk,  and  takes  on  putrefactive  changes  very  rapidly.  If  it  bo 
allowed  to  stand  for  from  twelve  to  twenty-four  hours,  it  se 

)  Clkvm,  Inqumtionts  in  Midierum  aeBetHarum  cofnpluri^m  Lae^  Goti 
1846,  p.  H. 
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£j&t€s  into  a  thick,  opaque,  yellowish  cream  and  a  serous 
fluid,  la  an  observation  by  Sir  Astley  Cooper,  nine  nieaa- 
ares  of  eolofitmm,  taken  soon  after  paiturition,  after  twenty- 
four  hours  of  repose,  gave  six  parts  of  cream  to  three  of 

TLe  peculiar  constitution  of  the  colostruni,  particularly 
tlie  presence  of  an  excess  of  sugar  and  inorganic  saltSj 
renders  it  somewhat  laxative  in  its  effects,  and  it  is  supposed 
t<>  be  usefuK  during  the  first  few  days  after  delivery,  in  as- 
sisting to  relieve  the  infant  of  the  acciminlation  of  meconium* 

As  the  rjuantity  of  colostrum  that  may  be  pressed  from 
the  mammary  glands  during  the  latter  periods  of  iitero- 
gestation,  particularly  the  last  month,  is  very  variable,  it 
becomes  an  interesting  and  important  question  to  determine 
whether  this  secretion  have  any  relation  to  the  quantity  of 
mDk  that  may  be  expected  after  delivery.  This  has  been 
made  the  subject  of  careful  study  by  Donn^,  who  arrived  at 
tlie  following  important  conclusions : 

In  women  in  whom  the  secretion  of  colostrum  is  almost 
absent,  the  fluid  being  in  exceedingly  small  quantity,  viscid, 
and  containing  hardly  any  corpuscular  elements,  there  is 
Iiardly  any  milk  produced  after  delivery. 

In  women  who,  before  delivery,  present  a  moderate  quan- 
tity of  colostrmn,  containing  very  few  milk-gloljules  and  a 
number  of  colostrum*corpuscles,  al\er  delivery  the  milk  will 
be  scanty  or  it  may  be  abundant,  but  it  is  always  of  poor 
(luality. 

But  when  the  quantity  of  colostrum  produced  is  con- 
siderable, the  secretion  being  quite  fluid  and  rich  in  corpus- 
colar  elements,  particularly  milk -globules,  the  milk  after 
delivery  is  always  abundant  and  of  good  quality.' 

From  these  observations  it  would  seem  that  the  produc- 
tion of  colostrum  is  an  indication  of  the  proper  development 
of  the  mammary  glands ;  and  the  early  production  of  fatty 
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granules,  which  are  first  formed  by  the  cells  lioiog  the  se- 
creting vesicles,  indicates  tlie  probable  activity  in  the  secre- 
tion of  milk  after  lactation  has  become  fnlly  estublished. 

The  secretion  of  the  mammary  glands  preserves  the  char- 
acters of  colostrum  nntil  toward  the  end  of  the  milk*lever, 
when  the  colostrum-corpuscles  rapidly  disappear,  and  the 
milk-globules  become  more  niimeroits,  regtdar,  and  uniform 
in  size.  It  may  be  stated  in  general  terms  that  the  secretion 
of  milk  becomes  fully  established  and  all  the  characters  of 
the  colostrum  disappear  from  tlie  eighth  to  the  tenth 
day  after  de!iv*ery.  A  few  colostrum-corpuscles  and  masses 
of  agglutinated  milk-globules  may  sometimes  he  discovercfl 
after  tlie  tenth  day,  but  tbey  are  very  rare ;  and  after  the  fif- 
teenth  day  the  milk  does  not  sensibly  change  in  its  micro* 
Bcopical  or  its  chemical  characterB. 


Lacteal  Secretion  in-  the  Kewlt/*Born, 

It  is  a  curious  fiict  that  in  infants  of  both  sexes  there! 
generally  a  certain  amount  of  Becretion  from  the  mamma 
glands,  commencing  at  birth,  or  from  two  to  three  days 
and  continuing  sometimes  for  two  or  three  weeks.  The" 
(juantity  of  Muid  that  may  be  pressed  out  at  the  nipples  at 
this  time  is  very  variable.  Sometimes  only  a  few  drops 
can  be  obtained,  but  occasionally  the  fluid  anmunts  to  one 
or  two  <lrachms.  Although  it  is  impussible  to  indicate  die 
object  of  tliis  secretion,  w^bich  takes  place  when  the  glaiids 
are  in  a  rudimentary  condition,  it  has  lieeu  so  otWn  obsei"ved 
and  described  by  physiologists  that  there  can  be  no  doubt 
with  regard  to  the  nature  of  the  fluid,  and  the  fact  that  tlie 
secretitju  is  almost  always  produced  in  greater  or  less  qua 
tity. 

The  latest  researches  upon  this  subject  are  those  of  Gub- 
Icr  and  Quevenne,  who  have  given  a  tolerably  compk 
analysis  of  the  fluid.     The  fact  of  the  almost  constant 
currencc  of  the  secretion  was  fully  established,  in  lS53j 
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GmUot*  The  following  is  an  analysis  by  Quevenne  of  the 
Bficfetion  obtained  by  Gubler.  The  observations  of  Gubler 
were  very  extended,  and  were  made  upon  about  twelve  Imn- 
dred  children.  The  secretion  rarely  continued  more  tban 
founreeks,  but  in  four  instances  it  persist ed  for  two  months.* 


CompasiUan  of  the  Milk  of  the  Infant. 

Witer , , , SHOO 

CtaHne 2ft'40 

Jiugwof  milk, ,, a2'20 

Butler 1400 

Earthy  phosphates 1*20 

Mobtti  8Alt«  (with  &  Busall  quADtity  of  insoluble  phosphates).  S-20 

l.CKJOOO 

Tbid  fluid  doe.^  not  differ  much  in  its  comi>osition  from 
ordinary  milk.  The  proportion  of  butter  is  much  les^,  but 
the  amount  of  sugar  is  greater,  and  the  quantity  of  caeeiue 
i*  nearly  the  same. 

Of  the  other  fluid.^  which  are  enumerated  in  tlie  list 
of  eecretions,  the  saliva,  gastric  juice,  pancreatic  juice,  and 
tlie  iatestinal  fluids  have  already  been  considered  in  connec- 
|ion  with  digestion.*  The  physiology  of  the  lachrymal  se- 
etiou  will  lie  taken  u]>  in  connection  with  the  eye,  and  the 
1)06  will  be  treated  of  fully  under  the  head  of  excretion. 

I  GtriLLOt,  Ik  la  aScTetion  du  hit  ches  ht  mftmit  fumvmu-fiit^  ei  de$  aecitkntit 
7«i  jmsvtid  taccomjHiffner, — AreMvea  ffh%JhnU»^  Paris,  18 53,  Sme  »^rie,  tome  ii., 

*  GuiLCl,  Mhnoirt  mr  h  xkretion  ei  la  comj)osUion  (in  hill  chez  If 9  cftfanU 
i.Nlf*cfB9  deui  sexes. — thmptes  nndnt  d  memoirea  de  la  Soi'Ute  de  BiologU^ 
^^,  1866»  Paris,  iS&a,  p.  289. 
•See  ToL  il,  Digestion* 
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DifTercnces  Ixjtween  the  aeurolions  proper  and  tbe  excretions — Compoahioti  of 
the  excretioiva — ifwio  of  production  of  the  excretions — Discharge  of  tli6 
excTelians — Phjgiological  anatomy  of  ibc  skiJi — Extent  And  thickness  of 
the  Bkin — Layers*  of  the  skin — The  corium^  or  tnie  skin — The  cpiilennis 
and  itfl  appendages — Desquamation  of  the  cpidcnni!* — Physiological  anat- 
omj  and  nses  of  the  nails  and  hair — Development  and  growth  of  the  oaila 
— Varietiea  of  liatr — Xuniber  of  the  hairs^ — Koota  of  the  hairS|  and  hair-fol* 
licles — Structure  of  the  hairs — Sudden  blanching  of  the  hair — Uaes  of  (h^H 
hairs — Per^piration-^udorlparouB  glands — Mechanism  of  the  secretion  oi^| 
flwent — Quantity  of  cutaneous  exhalation — Properties  and  oompOfiitlOQ  of 
the  eweal^PGCulisritiea  of  the  sweat  in  certain  parts. 
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In  entering  upon  the  study  of  tlie  elimination  of  effetd 
matters,  it  is  neces&arj  to  appreciate  fully  tlie  broad  distino- 
tiona  between  the  secretions  proper  and  tlte  excretions,  iu 
their  compoBition,  the  mechanism  of  their  production,  an^H 
their  destination.  These  consideration!^  arc  again  referreii^l 
to,*  for  the  reason  that  they  have  not  ordinarily  received 
that  attention  in  works  upon  phvsioh^gy  which  their  impor- 
tance demands.  The  median iam  of  excretion  is  insepara- 
bly connected  with  the  function  of  nutrition,  and  forms  ona 
of  the  great  start! Tig-points  in  the  study  of  all  the  modifica- 
tions of  nutrition  in  diseased  conditions. 

Taking  the  urine  as  the  type  of  the  excrementitiou 
fluids,  it  is  found  to  contain  none  of  those  principles  include 
in  the  class  of  non-crystallizahle,  organic  nitrogenized  mat 
ters,  but  is  composed  entirely  of  crystallizable  matters  simply 

1  See  chapter  I.  on*'  Secretion  in  Geaeml/* 
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belj  in  solution  in  water.     The  cliaracter  of  these  principle 
depends  upon  the  constitution  of  t!ie  blood  and  tlie  general 
condition  uf  nutrition,  and  not  upon  any  formative  action  in 
tie  glands.     The  principles  themselves  represent  the  ulti- 
mate physiological  changes  of  certain  constituent  parts  of 
the  iiring  organisiD,  and  are  in  such  a  condition  that  they 
are  of  no  farther  nse  in  the  economy  and  are  simply  di^ 
cLarg^d  from  the  l>ody.     Certain  inorganic  matters  are 
fomid  in  the  excrementitioua  fluids,  are  discharged  with 
the  pro4iuct45  of  excretion^  and  are  thus  associated  with  the 
organic  principles  of  the  economy  in  their  physiological  de- 
letion, as  well  as  in  their  deposition  in  the  tissues.     Co- 
agolable  organic  matters^,  such  as  allmmen  or  fibrin ,  never 
eXMt  in  tlie  excremen  tit  ions  fluids  under  nonnal  conditions; 
except  as  the  products  of  other  glands  may  become  acciden- 
tally or  constantly  mixed  with  the  excrementitious  fluids 
proper.     The  same  remark  applies  to  the  non-nitrogenizcd 
matters  (sugars  and  fats),  which,  whether  formed  in  the 
organism  or  taken  as- food,  are  consumed  as  such  in  the  pro- 
cess of  nutrition.     The  production  of  the  excretions  is  con- 
Itant,  being  subject  only  to  certain  modifications  in  activity, 
dependent  npon  varying  conditions  of  the  system.     All  of 
the  elements  of  excretion  preexist  in  the  blood,  either  in  the 
precise  condition  in  wldch  they  are  discharged,  or  in  some 
lliglitly  modified  form. 

Under  the  head  of  excretiun,  it  is  proposed  to  consider 
the  general  properties  and  composition  of  the  difterent  ex- 
crementitious fluids  ;  but  the  relations  of  ths  excrementitious 
matters  themselves  to  the  tissues  will  be  more  fully  treated 
of  m  connection  with  nutrition. 

The  urine  is  a  purely  excrementitious  fluid.  The  perspi- 
fttioii  and  the  secretion  of  the  axillary  glands  are  excre- 
IBwititious  fluidsj  but  contain  a  certain  amount  of  the  secre- 
tion of  the  sebaceous  glands.  Certain  excrementitious 
niattcrs  are  found  in  the  bile,  but  at  the  same  time,  this 
fittid  contains  principles  manufactured  in  the  liver,  and  has 
75 
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an  important  function  as  a  secretion,  in  connection  with  the 
process  of  digestion. 


Phyawloffieal  Anatmny  of  the  Skin. 

The  skin  is  one  of  the  moat  complex  and  important 
structures  in  the  body,  and  possesses  a  variety  of  functions* 
In  the  iirjit  place  it  forin?*  a  protective  covering  for  the  gen- 
eral Burlace.  It  is  quite  thick  over  the  parts  most  subject  to 
pressure  and  frietion,  ig  elastic  over  movable  parts  and  those 
liable  to  variations  m  sii£e,  and  in  many  situations  is  covered 
with  hair,  which  affords  an  additional  protection  to  the  sub* 
jacent  structures.  The  skin  and  its  appendages  are  bad 
conductors  of  caloric,  are  capable  of  resisting  very  consider- 
able variations  in  temperature,  and  tlius  tend  to  maintain 
the  normal  standard  of  the  animal  heat.  As  an  organ  of 
tactile  sensibility,  the  skin  has  an  important  function,  being 
abundantly  supplied  with  sensitive  nerves,  some  of  which 
present  an  arrangement  peculiarlj  ad^ipted  to  the  nice  ap- 
preciation of  external  impressions.  The  skin  assists  in  pre- 
serving the  external  forms  of  the  muscles ;  it  relieves  the 
abrupt  projections  and  depressions  of  the  general  surface^  and 
gives  roundness  and  grace  to  the  contours  of  the  body.  In 
some  parts  it  is  xqvj  closely  attached  to  the  snlijacent  struc- 
tures, wbile  in  others  it  is  less  adherent,  and  is  provided  with 
a  layer  of  adipose  tissue. 

As  an  organ  of  excretion,  the  skin  is  very  impoi-tant ;  and 
although  the  quantity  of  excrementitious  matter  exhaled  from 
it  id  not  very  great,  and  probably  not  subject  to  much  varia- 
tion, the  evaporation  of  water  irom  the  general  surface  is 
always  considerable,  and  is  subject  to  such  modifications  as 
may  become  necessary  from  the  varied  conditions  of  the  ani- 
mal tenq>erature.  Thus,  while  the  skin  protects  the  body 
from  external  indueiices,  its  fuuctiou  is  important  in  regu- 
lating the  heat  produced  as  one  of  the  numerous  plienomena 
attendant  upon  the  general  process  of  nutrition. 
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As  the  skin   presents  such  a  variety   of  functioos,   Its 
I'liysiological  anatomy  is  most  conveniently  considered  in 
connection  with  different  divisions  of  the  subject  of  physi- 
ology.   For  example,  nnder  tlie  head  of  secretion,  we  have 
already  taken  up  the  ^tnicturo  of  the  different  varieties  of 
sebaeeouB  glands.     The  anatomy  of  the  skin  as  an  organ  of 
tooch  will  be  most  appropriately  considered  in  connection 
\ritli  the  nervouB  system.    In  this  connection  we  filiall  describe 
the  excreting  organs  fonnd  in  the  skin  ;  and  hero  it  ^ill  be 
moat  convenient  to  stndy  briefly  its  general  strnctnre  and  the 
most  important  points  in  tlie  anatomy  of  the  epidermic  ap- 
pendages.    A  full  and  connected  description  of  the  skin  and 
its  appendages  belongs  properly  to  works  upon  anatomy. 

General  Appearajice  of  Hts  Skin. — ^It  is  unnecessary  to 
didcuss  very  minutely  the  general  appearance  of  tlie  skin. 
Its  color  h  sufficiently  familiar.  The  tissue  of  the  true  skin 
is  wliitifeb  and  semitransparentj  so  tlrnt  the  color  of  the  sub- 
jacent parts  gives  to  it  a  peculiar  tint.  The  blood  contained 
hi  its  vefisek,  as  is  well  known,  is  capable  of  modifying 
greatly  the  color  of  the  general  surface*  The  deep  layer  of 
the  epidermis  always  contains  more  or  less  pigmentary  mat- 
ter, which  gives  the  colors  characteristic  of  different  races, 
and  i>roduces  the  variations  in  complexion  that  are  observed 
in  different  individuals  of  the  same  race.  The  pigment,  in 
the  white  races,  is  but  Blightly  developed  at  birth,  Init  in- 
creases in  quantity  with  age. 

The  general  surface,  with  the  exception  of  the  palms  of 
the  hands  and  the  soles  of  the  Icet,  is  covered  with  hairs, 
which  are  very  largely  developed  in  certain  situations.  The 
furrows  and  folds  of  the  skin  are  produced  either  by  the  con- 
traction of  the  subjacent  muscles ;  by  a  lo^s  of  elasticity  in 
the  skin,  as  in  old  age ;  by  an  excessive  development  of  fat 
in  certain  parts  ;  or  by  the  movements  of  the  joints.  Famt, 
irrecnilar  lines  are  observed  on  the  surface  in  most  parts ;  but 
upon  the  palms  of  the  hands  and  the  soles  of  the  teet  these 
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are  well  marked  and  regular,  particularly  upon  tbe  palmar 
surfaces  of  the  last  phalanges,  whore  tliey  are  in  the  form 
of  concentric  curves,  so  easily  observed  with  the  naked  eye 
that  farther  description  is  imnecessary*  These  lin^  are 
formed  l>y  the  more  or  less  regular  arrangement  of  the  papil- 
la?  of  the  true  skiiu 


JZrteni  and  Thickness  of  the  Skin. — Sappey  has  made  i 
number  of  very  careful  observations  upon  the  extent  of  tt 
surface  of  the  skiu.     Without  detailing  the  measurement 
of  different  parts,  it  may  be  stated,  as  the  general  result 
his  observation&,  that  the  cutaneous  surface  in  a  gocnWize 
man  is  equal  to  about  twelve  square  feet ;  and  in  men  of 
more  than  ordinary  size  it  may  extend  to  fourteen ,  fiileenjfl 
or  even  eighteen  square  feet.     In  men  of  medium  size,  ia^ 
France,  the  surface  does  not  exceed  ten  square  feet ;  and  in 
women,  it  is  ordinarily  from  six  to  eight/     Wlien  we  con- 
sider the  great  extent  of  the  cutaneous  surface,  it  is  not  sui^^^ 
prising  that  the  amount  of  secretioUj  under  certain  conditiong^H 
should  be  enormous*    Indeed,  under  all  cireumstaucea,  the 
amount  of  elimination  is  very  considerable,  and  the  skin 
really  one  of  the  most  important  of  the  glandular  structure 

The  thickness  of  the  skin  varies  very  much  in  differen 
parts.  AVliere  it  is  naturally  exposed  to  constant  pressu 
and  friction,  as  on  the  soles  of  the  feet  or  the  pahns  of  th^ 
hands,  the  epidermis  becom*^  very  much  thickened,  and  in 
this  way  the  more  delicate  structure  of  the  true  skin  is  pro- 
tecteJ.  It  is  well  known  that  the  development  of  the  epi--^ 
dermis,  under  these  conditions,  varies  in  different  personajj 
with  the  amoimt  of  pressure  and  friction  to  which  the  sur* 
face  is  habit uidly  subjected.  The  true  skin  is  from  ^V  ^^  1 
of  an  inch  in  thickness ;  but  in  certain  parts,  particularly  the 
external  auditory  meatus,  the  lips,  aixd  the  glans  peniSj  U 
frequently  measures  not  more  than  y^j  ^^  ^^  inch.* 

'  Sxprrr,  Tt'^iUi  d'anfitomU  de§criptiV€^  FaHs,  1852,  tome  ii,,  p.  447. 
*  POUCHIT,  Precit  (ThUtoioffie  humahif^  Paria^  1864,  p,  32S>. 
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Latj&rs  of  the  Skin,~T\\Q  skin  is  naturally  divided  into 
two  principal  layers,  whicli  may  be  readily  separated  from 
each  other  Ly  maceration.     These  are,  the  true  ekin  (cntia 
T«ja,  derma,  or  coriiim),  and  the  epidermis,  cuticle,  or  scari- 
skin.    The  true  skin  is  attached  to  the  subjacent  structures, 
more  or  less  closely,  by  a  fibrous  &trnoture  called  the  sub- 
cutaneous areolar  tissue,  in  the  meshes  of  which  we  com- 
mealy  find  a  certain  quantity  of  fatty  tissue.     This  layer 
is  sometimes  described  under  the  name  of  the  paiiniculus 
.idiposu!*.     The  thickness  of  the  adipose  layer  varies  very 
itmch  in  diiFerent  parts  of  the  general  surface  and  in  differ- 
fit  persons.     There  is  no  fat  beneath  the  skin  of  the  eyelids, 
'  upper  and  outer  part  of  the  ear,  the  penis,  and  the  scro- 
tum.    Beneath  the  skin  of  the  cranium,  the  nose,  the  neck, 
tid  the  dorsum  of  the  hand  and  foot,  the  knee  and  the  elbow, 
s  fatty  layer  is  about  ^  of  an  inch  in  thickness.     In  other 
it  usually  measures  from  |  to  J  of  an  inch/     In  very 
^ns  it  may  measure  one  inch  or  more.     Upon  the 
and  tlie  neck,  in  the  human  subject,  are  muscles  at- 
more  or  less  closely  to  the  skin.     These  are  capable 
of  moving  the  ekin  to  a  slight  extent.     Muscles  of  this  kind 
largely  develoj>ed  and  quite  extensively  distributed  in 
Ome  of  the  lower  animals. 

There  i^  no  sharply-defined  Hue  of  demarcation  between 
theeuti*s  and  the  subcutaneous  areolar  tissue  ;  and  the  under 
snrfa*.*e  of  the  skin  is  always  irregular,  from  the  presence  of 
numerous  fibres  which  are  necessarily  divided  in  detaching 
it  from  the  subjacent  structure?^.  The  fibres  which  enter  into 
the  composition  of  the  skin  near  its  under  surf  nee  become 
looser  in  their  arrangement,  the  change  taking  place  ratlier 
abniptly,  imtil  they  present  large  alveolae,  whicli  generally 
contain  a  certain  amount  of  adipose  tissue. 

The  layer  called  the  true  skin  is  subdivided  into  a  deep, 
reticulated,  or  fibrous  layer,  and  a  supei-fieial  portion,  called 

'  KjtArsE,  in  Wagmch's  Handic&rierhuch  der  Fhytiolofpt^  Braunschweig,  1844, 
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the  papillary  layer.    The  epidermis  is  also  divided  into  twc 
layer**;  an  external  layer,  called  the  homy  layer;  and  an 
terual  layer,  called  the  MulpigUianj  or  the  mucous  layi 
which  lA  in  contact  with  the  papillary  layer  of  the  corinm. 
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The  Carvurn^  ar  True  Skin, — The  reticulated  and  the 
papilhiry  layer  of  the  tnie  Bkin  are  quite  distinct.     The 
lower  ht  rat  urn,  the  reticulated,  is  much   thicker  than  tlifl^ 
pajiillary  layer,  is  dense,  resisting,  quite  elastic,  and  slightlj^B 
contractile.     It  is  composed  of  numerous  bundles  of  white 
fihroiw  tUfiue  interlacing  with  each  other  in  every  direction 
generally  at  acute  angles.    Distributed  throughout  this  lay 
are  found  numerous  anastomosing  elastic  fibres  of  the  smi 
variety,  and  with  them  a  number  of  non-striated  muscular 
flhreft.     This  portion  of  the  ekiu  contains,  in  addition,  a  con- 
Hiilerable  quantity  of  amorphous  matter  which  serves  to  bold 
the  librca  together,      Tlic  nniseular  fibres  are  particularly 
abundant  about  the  hair- follicles  and  the  sebaceous  glands 
connected  with  theiii,  and  their  arrangement  is  such,  that 
when  they  are  excited  to  contraction  by  cold  or  by  eleetri 
ty,  the  ioirR'b.s  are  drawn  up,  projecting  upon  the  gene 
8iirfiu^e,  and  producing  the  appearance  known   as  **gooi 
flesh."     Contraction  of  these  fibres  is  partieidarly  marki 
about  the  nipple,  producing  the  soKJalled  erection  of  tlui 
organ,  antl  abcnit   the  scrotum  and  penis,  wrinkling 
skin  of  these  parts.     The  peculiar  arrangement  of  the  littli 
muscles  around  the  hair-folHcles,  fonning  little   bands  at 
tached  to  the  surtace  of  the  true  skin  and  the  base  of  the 
foUlclcd^  was  first  described  by  Kolliker,*  and  expliuns  fully 
the  manner  in  which  the  **  goose-flesh  "  is  prtiduce<l.     Con^^ 
traction  of  tho  skin,  in  obedience  to  the  stimulus  of  electrief^^ 
ty,  has  beeJi  demonstrated  by  Froriep,  Brown-Sequard^  and 
Kollikor,  U>th  in  the  living  subject  and  in  exeented  eriminak 
immediately  after  death.' 
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The  papillary  layer  of  tlie  skin  passes  insensibly  into 
the  subjacent  structure  and  presents  no  weU-inarked  line 

of  dimion.  It  is  composed  cbiL^fiy  of  the  earae  kind  of 
«i«ojphous  matter  that  exists  in  the  reticulated  layer 
The  papilla3  themselves  appear  to  be  simply  elevations 
'*f  tills  amorphous  matter,  though  they  may  contain  a  few 
libr^.  In  this  layer  we  find  a  number  of  fibro-plastic 
ijuclei  with  a  few  little  corpusciJar  bodies  called  by  Robin, 
e>'t4:)blastions,* 

As  regards  their  fonn,  the  papilla?  may  be  divided  into 

two  I'arieties ;  the  simple  and  the  compound,     Tlie  simple 

mAUm  are  conicxd,  rounded,  or  club-shaped  elevations  of  the 

«jnoqihou3  matter,  and  are  irregularly  distributed  on  the 

general  surface.     The  emallest  are  from  ^iir  to  ^^  of  an 

incli  in  length,  and  are  found  chiefly  upon  the  face.     The 

largest  are  on  the  palms  of  the  hands,  tlie  soles  of  the  feet, 

and  the  nipple.     These  measure  from  ^hf  ^^  rtir  ^^  ^^^  inch. 

Lai^e  papilla?,  regularly  arranged  in  a  longitudinal  direction, 

are  found  beneath  the  nails.      The  regular,  curved  lines 

observed  upon  the  pahns  of  the  hands  and  the  soles  of  the 

feet,  particularly  the  palmai*  surfaces  of  the  last  phalanges, 

^Mt  formed  by  double  rows  of  compound  papilliPj  which  pre- 

^Wlmt  two,  three,  or  four  j>oints  attached  to  a  single  liose.     In 

the  eentre  of  each  of  these  double  rows  of  papillie  is  an  ox- 

ceissively  fine  and  shallow  groove,  in  which  are  found  the  ori- 

ficos  of  the  sudoriferous  duets. 

The  papilloB  are  abundantly  supplied  with  blood-vessels, 
terminating  in  lot>ped  capillary  plexuses,  and  nerves.  The 
termination  of  the  nerves  it^  peculiar,  and  will  be  fully  de- 
scribed in  connection  with  the  organs  of  touch.  The  ar- 
gement  of  the  lymphatics,  which  are  very  numerous  in 
skin,  has  already  been  indicated  in  the  general  descrij)- 
tion  of  the  Ijinphatic  system.* 

*  Ltrm^  XT  Ro&or,  Dhiiantuure  4^  midenne^  Paris,  I $63,  Article,  C^ 
'  See  foL  IL,  Absorption,  p.  4^0. 


116 


EXCRETION. 


The  Epidermu  and  its  Appendages, — The  epidermis, 
or  external  layer  of  the  skiii,  is  a  membrane  composed  ex- 
clusiTely  of  cells,  containing  neither  l>ltx>d-vesse1s,  ner%*e5* 
nor  lyrophatics.  Its  external  surface  is  marked  hy  exceed 
iugly  bIi allow  grooves,  which  correspond  to  the  deep  furrows 
between  the  papillie  of  the  derma.  Its  internal  surface  ia 
applied  directly  to  the  papillary  layer  of  the  true  &kin,  and 
follows  closely  all  its  inequalities.  This  portion  of  the  skin 
is  subdivided  into  two  tolerably  distinct  layers.  The  in- 
ternal layer  is  called  the  rete  mncosmn,  or  the  Malpighian 
layer,  and  the  external  is  called  the  homy  layer.  These 
two  layers  ])re8ent  certain  important  distinctive  characters. 

The  Malpighian  layer  is  composed  of  a  smgle  stratum 
of  prismoidal,  nucleated  cells,  containing  a  greater  or  lees 
amount  of  pi^^nientary  matter,  applied  directly  to  all  the 
inequalities  of  the  derma,  and  a  number  of  layers  of  rounded 
cells  containing  no  pigment.  The  upper  layers  of  cells, 
with  the  scales  of  the  honi}^  layer,  arc  semi  transparent  and 
nearly  colorless ;  and  it  is  the  pigmentary  layer  chiefly  which 
gives  to  the  skin  it^  characteristic  color  and  the  peeuliaritie'5 
in  the  complexion  iif  diflerent  races  and  of  different  individu- 
als. In  the  negro,  this  layer  is  nearly  black ;  aiul  when  the  epi- 
dermis is  removed,  the  true  skin  does  not  present  any  marked 
difference  from  the  skin  of  the  white  race.  All  the  epider- 
nn'e  cells  are  somewhat  colored  in  the  dark  races,  but  the 
upper  layers  contain  no  pigmentary  granules.  The  cells 
of  the  pigmentary  layer  are  from  ^Vc  ^^  Winr  **^  ^^ 
inch  in  length,  and  from  -pifVff  ^^  t^^tg  ^^  ^^^  inQh.  in  their 
eliort  diameter.  The  rounded  cells  in  the  upper  layera  are 
from  ^Tj^Tj-  to  iTj'^nr  ^^  ^^  itlqIl  in  diameter.  The  absolute 
thickness  of  the  rote  miicosum  is  from  y^jVir  ^^  ^  ^^  '^'^  inch, 

Tlie  horny  layer  is  composed  of  numerous  strata  of  hard, 
flattened  cells,  irregularly-polygonal  iu  ghape,  generally  with- 
out nuclei,  and  measuring  from  ^iiW  *<^Thr*^f  ^^  m^h  in 
diameter.  The  deeper  ceHs  are  thicker  and  more  rounc 
than  those  of  the  superficial  layers. 
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Tlie  epidermis  ierres  as  a  protection  to  the  more  delicate 

stnicttire  of  the  true  ekin,  and  its  thickness  is  proportionate 

to  tlie  exposure  of  the  different  parts.     It  is  consequently 

mncli  thicker  upon  the  goles  of  the  feet  and  the  palm^  of  the 

bftnds  than  in  other  portions  of  the  general  surface,  and  its 

tliickness  is  Terj  much  increased  in  those  who  are  habitually 

engiured  in  severe  manual  labor.    Upon  the  face,  the  eyelids, 

and  in  the  external  auditory  passages,  the  epidermis  is  most 

delicate,  measuring  from  ^fc:  to  ^^^  of  an  inch  in  thickness. 

Upon  the  palm  it  is  from  -jV  ^^  iV  ^^  ^^  '^^^^  thick,  and  upon 

the  Bole  of  the  foot  it  measures  from  -^  to  -J  of  an  inch** 

These  variations  depend  entirely  upon  the  development  of  the 

homy  layer.     The  thickness  of  tlie  rete  mucosuni,  althoiigli 

it  presents  considerable  variation  in  different  parts,  is  rather 

more  uniform. 

There  is  constantly  more  or  less  desquamation  of  the  epi- 
dermis, particularly  the  horny  layer,  and  the  cells  are  regen- 
erated by  a  blastema  exuded  from  the  subjacent  vascular 
part^.  It  IS  probable  that  there  is  a  constant  formation  of 
eelb  in  the  deeper  strata  of  the  homy  layer,  which  become 
flattened  as  they  near  the  surface ;  but  there  is  bo  direct 
endence  that  the  cells  of  the  rete  mucosum  undergo  trans- 
formation int^>  the  hard,  flattened  scales  of  the  horny  layer. 


Phjnohfjlcal  Anatinni/  and  Uses  of  ihs  KaiU  and 
Uairs, — It  is  unnecessary,  in  this  connection,  to  discuss  very 
minutely  the  anatomy  of  the  nails  and  hairs.  They  arc  or- 
timarily  regarded  as  appendages  of  the  cpidcnnis,  produced 
t'f  certain  peculiar  organs  belonging  to  the  true  skin ;  and 
m  ebiborato  study  of  these  parts  belongs  strictly  to  descrip- 
tive and  general  anatomy.  To  complete,  however,  the 
physiological  history  of  the   skin,  it  will  lie  necessary  to 

*  l^uixiKUi,  Manual  of  Human  MicroKopical  Anafom^^  Amcricau  Edition, 
^^'WWpbk,  I8i>4,p.  HO*     Kulliker  gives  (ioc,  ciL)  accurate  measure  men  la  of 
tb  fpHcnui^  in  many  different  portions  of  ihe  8kin»  to  which  the  reaUer  is  r«. 
[*^^^  for  Urther  mformiitioa  on  thi»  point. 
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consider  briefly  the  general  arrangement  of  the  cutieulai 
ftlipendages. 

The  naili^  are  situated  on  the  dorsal  surfaces  of  the  dis 
phalanges  of  the  fingers  and  toes*     They  serve  to  prot 
the^e  partSj  and  in  the  fingers,  are  also  quite  important 
prehension.     The  general  appearance  of  the  naiU  is  so  famil- 
iar that  it  requires  no  special  description*     In  their  study, 
anatomists  have  distinguished  a  root,  a  body,  and  a  free 
border* 

Tlie  TLKJt  is  thin  and  soft,  terminating  in  rather  a  jagj 
edge,  which  is  turned  slightly  upward  and  is  received  into  a 
fold  of  tlie  skin  extending   around  the  nail  to  its  free  ed, 
Tlie  length  of  the  root  of  course  varies  with  the  feize  of  tl 
nail,  but  it  is  generally  from  one  fourth  to  one  third  of  the 
length  of  the  body. 

TJie  body  of  the  nail  extends  from  tlie  fold  of  skin  whi 
covers  the  root  to  the  free  border*  This  portion  of  the  nai 
with  the  root,  is  closely  adherent  by  its  under  surface  to  the 
true  skin.  It  is  marked  by  fine  but  distinct  longitudinal 
stria?  and  very  faint  transverse  lines.  It  is  usually  redilish 
in  color,  from  the  great  vascularity  of  the  sulyacent  struct n 
At  tlie  posterior  i>art  is  a  whitish  portion  of  a  seniilum 
sliape,  called  the  lunula,  wliich  has  tliis  appearance  simpl 
from  the  tact  that  the  corimn  in  this  part  is  less  vascular,  an 
the  jmpillm  are  not  so  regular  as  in  the  i-e^^t  of  the  bod; 
That  portion  uf  the  skin  situated  beneath  the  root  and  t 
l>ody  of  the  nail  is  called  tlio  matrix.  It  presents  l^^gW; 
vascular  pupil la\  arranged  in  regular,  longitudinal  rows,  an 
receives  into  its  grooves  corresponding  ridges  on  tlie  und 
surface  of  the  nail. 

The  tree  border  of  the  nail  begins  at  the  point  where  the 
nail  becomes  detached  from  the  skin.     Tins  is  generally  cut 
or  worn  away,  and  is  constantly  growing ;  but  if  left  to  itse^ 
it  attains  in  time  a  definite  length,  which  may  be  stated,  i 
general  terms,  to  be  from  an  inch  and  a  half  to  two  inches, 

Examining  the  nail  in  a  longitudinal  section,  the  homy 
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lavefj  which  is  usually  tegarded  as  the  true  nail^  is  found  to 

increase  progrefisively  in  tliickncss  from  tlie  root  to  near  the 

free  border.     If  the  nail  he  exaniioed  in  a  ti'ansverse  section^ 

it  will  also  be  found  much  thicker  in  the  central  portion 

tlim  near  the  edge,  and  that  part  which  is  received  into 

the  lateral  portions  of  the  fold  becomes  excessively  thin  like 

tJierest  of  the  root.      The  thicknesia  of  the  true  nail  at  the 

root  is  from  ^^  to  ^hr  ^^  ^^  ^^^^  J  ^^^^  ^^  ^^^^  thickest  por- 

tion  of  tlie  body,  it  usually  measures  from  ^  to  ^  of  an 

inch.    The  nail  heeomes  Bomewhat  thinner  at  and  near  the 

free  border. 

Sections  of  the  naila  show  that  they  are  composed  of  two 
larer?^  which  correspond  to  the  Malpighian  and  the  horny 
layer  of  the  epidermis,  though  they  are  much  more  distinct. 
The  Malpighian  layer  U  applied  directly  to  the  ridges  t>f  the 
bed  of  the  nail,  and  presents  upon  its  upper  surfVice  ridges 
maeh  leas  strongly  marked  than  in  the  underlying  true  skin. 
Tlii*  layer  is  rather  thinner  than  the  horny  layer,  u  whitish 
in  color,  and  is  composed  of  numerous  strata  of  elongated, 
prismoidal,  nucleated  cells,  arranged  perpendiculai*ly  to  the 
njatrix.  These  cells  are  from  xcSnr  ^*^  "rAnr  ^^  ^^  ^^^^  ^ 
length. 

The  horny  layer,  which  constitutes  the  true  nail>  ia  ap- 
plies! by  its  under  suriace  directly  to  the  ridges  of  the  Jlah 
pighian  layer.     It  is  defuse  and  brittle,  and  composed  of  nu- 
merous strata  of  flattened  cells,  which  cannot  be  isolated 
without  the  use  of  reagents.     If  the  different  strata  of  this 
portion  of  the  nail  be  Btudied  after  lioiling  in  a  dilute  solu- 
tion of  soda  or  potash,  it  becomes  evident  tliat  here,  as  in  the 
homy  layer  of  the  epidermis,  the  low^er  celk  are  somewhat 
rounded,  while  those  nearer  the  surface  are  flattened.     These 
eelk  are  nearly  tdl  nucleated,  and  measure  from  toVit  ^^  ^hf 
of  an  inch  in  diameter.     The  thickness  of  this  layer  varies 
in  different  portions  of  the  nail,  while  the  Malpigliian  layer 
is  nearly  uniform.    This  layer  is  constantly  growing,  and  eou- 
etitati^  the  entire  substance  of  the  free  borders  of  the  nails. 
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The  connections  of  the  nails  with  the  true  skin  resemblo 
those  of  the  epidermis ;  but  the  relations  of  these  structures 
to  the  epidermis  itself  are  somewhat  peculiar*  Up  to  the 
fourth  month  of  foetal  life,  the  epidennia  covering  the  dor&al 
Burfaces  of  t!ie  last  phalanges  of  the  lingers  and  toes  doe^ 
not  present  any  marked  peciilkrities ;  but  at  about  the 
fourth  month,  the  peculiar  hard  cells  of  the  horny  layer  of 
the  nails  make  their  appearance  between  the  Malpighiau 
and  tlie  horny  layer  of  the  epidermis,  and  at  the  same  time 
the  Malpighian  layer  beneath  tliis  plate,  which  is  destined 
to  heeonie  the  Malpighian  layer  of  the  nails,  is  somewhat 
thickened,  and  the  cells  assume  more  of  an  elongated  form. 
The  horny  layer  of  the  nails  constantly  thickens  from  tins 
time;  but  until  the  end  of  the  fifth  month,  it  is  covered  by 
the  horny  layer  of  the  epidermis.  After  the  fifth  month, 
the  epidermis  breaks  away  and  disappears  from  the  sm'- 
face ;  and  at  the  seventh  month,  the  naik  begin  to  increase 
in  length.  Thus,  at  one  time,  the  nails  are  actually  included 
between  the  two  layers  of  the  epidermis  ;  but  after  they 
have  become  developed,  they  are  simply  covered  at  their 
roots  by  a  narrow  border  of  the  liorny  layer,  the  epidermis 
commencing  again  under  the  nail  where  the  free  border 
leaves  the  bed.  The  nails  are  therefore  to  be  regarded  as 
modifications  of  the  horny  layer  of  tli?  epidermis,  possessing 
certain  anatomical  and  cljemical  peculiarities.  The  Malpig- 
hian layer  of  the  nails  is  continuous  with  the  same  layer 
of  the  epidermis,  but  tlie  horny  layers  are,  as  we  have  seen, 
distinct. 

One  of  the  most  striking  peculiarities  of  the  nails  is  in 
their  mode  of  gro\vth.  The  Malpighian  layer  is  Btationan^, 
but  the  homy  layer  is  constantly  growing,  if  the  nails  be 
cut,  from  the  root  and  bed*  It  is  evident  that  the  nails 
grow  from  the  bed,  as  their  thickness  progressively  increases 
in  the  body  from  the  root  to  near  the  free  border ;  but  their 
longitudinal  growth  is  by  far  the  more  rapid.  Indeed,  the 
nails  are  constantly  pushing  forward,  increasing  in  thicknesa 
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AS  tiiey  advance.    Near  the  end  of  the  body,  as  the  horny 
kjer  becomes  thinner,  the  growth  from  below  is  diminished 

Haire,  varying  greatly  in  size  and  development,  cover 
nearly  every  portion  of  the  surface  of  the  body.  The  only 
pitrts  in  which  they  are  not  funod  are  the  palms  of  the 
hHiiih  and  8ol^  of  the  feet,  the  palmar  surface  of  the  fingers 
and  toeSy  the  dorsal  snrfaee  of  tlie  last  phalanges  of  the  tin- 
pers  and  toes,  the  lips,  the  npj>er  eyelids,  the  lining  of  the 
prepuce,  and  the  glans  penis.  Some  of  the  hairs  are  long, 
otliers  are  short  and  stiff,  and  others  sire  flue  and  downy. 
These  differences  have  led  to  a  division  of  the  hairs  into 
three  i^arieties. 

The  first  variety  includes  the  long,  soft  haii-s,  which  are 
fonnd  on  the  head,  on  the  face  in  the  adult  male,  around  the 
gtnital  organs  and  under  the  arms  in  both  the  male  and  the 
female,  and  sometimes  upon  the  breast  and  over  the  general 
jUrface  of  the  body  and  extremities,  particularly  in  the  male. 
The  second  variety,  the  short,  stiff  hairs,  is  found  at  the 
entrance  of  the  nostrils,  upon  the  edges  of  the  eyelids,  and 
upon  the  eyebrows. 

The  third  variety,  the  short,  soft,  downy  hairs,  are  found 
oil  the  general  surface  not  occupied  by  the  long  hairs,  and 
the  canmcula  lachrymalis.  In  early  life,  and  ordinarily  in 
the  female  at  all  ages,  the  trunk  and  extremities  are  covered 
with  downy  haii-s  ;  but  in  the  adult  male,  these  frequently 
become  developed  into  long,  soft  hairs. 

The  hairs  are  usually  set  obliquely  in  the  skin,  and  take 
a  definite  direction  as  they  lie  upon  the  surface.  Upon  the 
head  and  face^  and,  indeed,  the  entire  surface  of  the  body, 
the  general  course  of  the  hairs  may  be  followed  out,  and 
tliey  present  currents  or  sweeps  that  have  nearly  always 
the  same  directiom  These  "  currents  '*  have  been  carefully 
studied  by  Wilson,  and  are  fully  described  in  his  work  upon 
the  healthy  skin,* 

*  WiMOK,  EtaUhy  Skirt,  PhikdelpWa,  1854,  p.  101^  el  teq. 
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The  tliameter  and  length  of  the  hairs  are  exceedingly  rarv 
able  in  different  pei^ons,  especially  in  the  long,  Boft  hairs  o'M 
the  head  and  beard.     It  may  he  stated  in  general  terms  tha* 
the  long  hail's  attain  the  length  of  from  twenty  inches  tc» 
three  feet  in  women,  and  considerably  less  in  men.     Ther^ 
are  instances,  however,  in  w^omen,  in  wdiicli  the  hair  of  th^ 
head  measures  considerably  more  than  three  feet,  but  thes^ 
are  quite  nnnsuaU     Like  the  nails,  the  hair,  when  left  to 
itself,  attains  in  three  or  fonr  years  a  definite  length,  but 
when  it  is  habitnally  cnt  it  grows  constantly.     The  ehort^ 
t^tiff  hairs  are  from  one  quarter  to  one  half  an  inch  in  length. 
The  soft,  downy  hairs  measure  ordinarily  from  one  twelfth. 
to  one  half  an  inch.     Hairs  that  liare  never  been  cut  ter- 
minate in  pointed  extremities ;  and  sometimes  in  hairs  that 
have  been  cut,  the  ends  become  somewhat  pointed,  tliongli 
they  are  never  so  sharp  as  in  the  new  liairs. 

Of  the  long  hairs,  the  finest  are  upon  the  head,  where 
they  avertige  about  j^  of  an  inch  in  diameter,  the  extremes 
oi^inarily  being  fruni  ttjVit  ^^  yir  ^^  *"^  ^^^^^^  ^^^  ^^^^  finest, 
and  from  ^^  to  y^  of  an  inch  for  the  coarsest.  The  hair 
is  ordinarily  eoai-ser  in  women  than  in  men.  Dark  hair  is 
ordinarily  coarser  than  light  hair;  and  upon  the  same  head 
the  extremes  of  variation  are  sometimes  observed/  The 
hairs  of  the  beard  and  the  long  hairs  of  the  body  are  coarser 
than  the  hairs  of  the  head,  Wilson  estimates  that  the  aver- 
age number  of  hairs  upon  a  square  inch  of  the  scalp  is  about 
1,000,  and  the  number  upon  the  entire  bend  about  120,000, 

The  short,  stiff  hairs  are  from  ^-g-  to  j^  of  an  inch  in 
diameter,  and  the  fine,  downy  haii*s  from  ^^^^  to  TtW  of 
an  inch.  The  variations  in  the  color  of  the  hairs  in  dilTer- 
ent  races  and  in  different  individuals  of  the  same  race  are 
Bufticiently  familiar, 

Wlien  the  hairs  are  in  a  perfectly  normal  condition,  they 
are  very  elastic,  and  may  be  stretched  to  from  one  fifth  to 
one  third  more  than  their  original  length.     Their  strength 
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nne&  with  their  thiclcneBSj  but  an  ordinary  hair  from  the 

iead  wiii  bear  a  weight  of  six  or  seven  ounces.     A  well- 

JtDown  property  of  the  hair  is  that  of  becoming  strongly 

electric  by  friction ;    and  this  is  particularly  welbniarked 

irlien  tJio  weather  is  cold  and  dry.      The  electricity  thus 

excited  is  negative.     Sections  of  the  shaft  of  the  hairs  show 

that  they  are  oval,  but  their  shape  is  very  variable,  straight 

Imire  being  nearly  round,  wliile  curled  hairs  are  quite  flat. 

Anotlier  peculiarity  of  the  hairs  is  that  they  are  strongly  hy- 

grometrie.     They  readily  absorb  moisture  and  become  sen- 

sibly  elongated,  a  property  which  has  bc^n  made  use  of  by 

physicists  in  the  constmction  of  delicate  hygrometers. 

Hoots  of  the  ITalra  and  Jlair-foUklss, — The  roots  of  the 
hairs  are  embedded  in  follicular  openings  in  the  skin,  which 

'er  in  the  different  varieties  only  in  the  deptli  to  which 

penetrate  the  cutaneous  structure*    In  the  downy  hairs, 

the  roots  paiis  only  into  the  sujierficial  layers  of  the  true 

in;  but  in  the  thicker  hair?,  the  roots  pass  through  the 

in  and  penetrate  the  subcutaneous  cellulo-adipo-^e  tissue. 
The  root  of  the  hair  is  6otl:er,  rounder,  and  a  littJe  larger 
Shan  the  shaft.  It  becomes  erdarged  into  a  rounded  bulb  at 
Ums  bottom  of  the  follicle,  and  rests  upon  a  fungiform  papilla, 
oenstricted  at  its  base,  to  which  it  is  closely  attached.  In 
deseril)ing  tlie  connection  between  the  hairs  and  the  skin, 
anatomista  mention  three  membranes  forming  the  walls 
of  the  hair-follicles,  and  two  membranes  that  envelop  the 
loots  of  the  hair  in  the  form  of  a  sheath.  The  study  of  these 
parts  is  much  simplified  by  keeping  constantly  in  view  the 
correspondence  between  the  different  layers  of  the  fullicles 
and  the  layers  of  the  true  skin,  and  the  relations  of  the  root- 
deaths  with  the  epidermis. 

The  follicles  are  tubular  inversions  of  the  structures  that 
compose  the  corium,  and  their  walls  present  three  distinct 
membrana^.  Their  length  is  from  -j^^,  to  \  of  an  inch.  The 
membrane  that  forms  their  external  coat  is  composed  of 
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inelastic  fibres  arranged  for  the  most  part  longitudinally, 
provuled  with  blood- vessels  and  a  few  nerves,  containing 
some  filjFO-plafcitic  elements,  Imt  deprived  entirely  of  elaj?tic 
tiasne.  This  is  the  tliickest  of  the  three  membranes  aud^ 
closely  connected  with  the  corium.  Next  to  this  is  a  fibr 
memlirane  composed  of  fusifonn,  nucleated  fibres  arrange 
traai^vori>ely*  These  resenihle  the  organic  muscular  iil 
but  are  believed  by  KolUker  to  be  fibres  of  connecttre  l 
sue.*  The  internal  membrane  is  stnictureless,  and  cor 
spondd  to  the  amorphous  laj^er  of  the  true  skin.  The  papil 
at  the  bottom  of  the  Lair-sac  varies  in  si^  with  the  size  of 
the  hairs,  and  is  connected  with  the  fibrous  layere  of  the 
walls  of  the  follicle.  It  is  composed  of  amorphous  mat 
with  a  few  granules  and  nuclei,  and  probably  contains  bio 
vessels  and  nerves,  though  these  are  not  very  distinct. 

Although  the^e  difterent  membranes  are  sufficiently  rec 
nizablej  it  is  evident  that  the  hair-sac  is  nothing  more  th 
an  inversion  of  the  corimn,  with  some  slight  modifications  in 
the  character  and  arrangement  of  its  anaton^cal  elements* 
The  fibrous  membranes  correspond  to  the  deeper  layers  of 
the  true  skin,  wanting  the  elastic  elements,  and  presenting  a 
peculiar  arrangement  of  its  inelastic  fibres,  the  external 
fibres  being  longitudinal  and  the  internal  fibras  transverse. 
The  structureless  membrane  corresponds  to  the  upper  lay^| 
of  the  true  skin,  whieli  are  composed  chiefly  of  amorphoiEP 
matter.  The  hair>piipilhi  corresponds  to  the  jiapillse  on  the 
general  surface  of  the  corimn. 

The  investment  of  the  root  of  the  hair  presents  twc 
tinct  layers.  Tlie  external  root-sheath  is  three  or  four  timed 
as  thick  as  the  inner  membrane,  and  corresponds  exactly  w^| 
the  Malpighian  layer  of  the  epidermis.  This  sheath  is  con- 
tinuous with  the  bulb  of  the  hair.  The  internal  root-sheath 
is  a  transparent  membrane,  composed  of  flattened  cells, 
mostly  without  nuclei.  This  extends  from  the  bottom  of  the 
hair-lbllicle,  and  covers  the  lower  two-thirds  of  the  root, 

1  KuLLi£Xiif  Ilanc&uch  der  Qcwfbdekre  det  McMchai,  Leipzig^  t8( 


ndlftlfei 


^iMi. 


i^yi. 


Summarij. — ^Tho  essential  points  in  the  anatomy  of  the 
liair-fullieles  and  tlie  con nec^t ions  uf  the  liairs  with  the  skin 
mar  k  simimed  up  in  a  few  words : 

The  bair-folliclo  consists  of  an 
iiivemon  of  the   true   skin,  with 
^ome  modifications  in  the  arrange- 
ment of  its  anatomical  elements, 
sad  presents   at    the    bottom 
«>vate  papiUa,  upon  which  the  bulb 
of  the  hair  rests  and  to  wliieh  it 
ii  closely  attached.     The  root  of 
the  Lair  is  invested  with  two  mem- 
branes;   the  outer    sheath  corre- 
iponding  to  the  Malpighian  layer 
of  the  epidennis,   and  the  inner 
eicath  corresponding  to  the  homy 
layer.    These  membranes,  with  the 
meiahranes  that  form  the  wall  of 
the  follicle,  extend  to  the  junction 
of  the  lower  two-tliirda  with  the 
itpper  tlurd  of  the  follicle,  or  the 
openings  of  the  sebaceous  glands, 
^tli  which  all  the  hairs  are  ])ro- 
videi    If  continued  upon  the  skin, 
of  course  the  layers  would  be  re- 
tepscd,  the  inner  root-sheath  be- 
coming the  outer  layer  of  the  epi- 
dermis, the  outer  root-sheath  being 
continuonB  with   the   Malpighian 
later.     The  hair  itself  is  an  ap- 
pendage of  the  epidermis,  and  is 
contintious  with   the   inner    root- 
sheatlu,  wliich  corresponds  to  tlie 
[pighian  layer.    It  rests  upon 

is  produced  by  the  pajjilla, 

be  nail  rests  upon  the  paT>ilhe  of  its  matrix.   The  root  of 
76  * 


Ha!  rand  hair-  follklp  of  modi  am  Pt2«», 
tiiB^tiiaetl  flJdy  rlUiaeteri*— a,  Bhaft 
of  lie  littir;  A,  root ;  c,  bulb ,  a,  cpH- 
ctermlfloftiiohak;  <;«  UtQrDal  root- 
f^lit'Atb  ;  /,  external  ehf^alli ;  ff, 
amorphous  membrane  of  Uie  foil!- 
c1« ;  A,  layerpi  of  tranpvcrsi*  and 
lon>;f!tudLnal  flbro* ;  it,  ponltlii :  Jt, 
excretory  duel!*  uf  the  erbnrconn 
IflandM;  7.  derma  nt  tbe  point  of 
openhii^of  tbe  fiillicl"' ;  m,  niucons 
lajcr  of  the  opidcrmif? ;  «,  homy 
layer  of  tht?  t  pldcmih  ;  a  temif- 
iiAttaiifjf  the  iiiteruul  f^hcfiLh  ofllio 
Ttxtt  of  the  hair  (KriLLiKEit^  Mh 
menu  d'fiUtniOfjk.  humaifu,  FarS«i 
1808,  p.  1(U,) 
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the  hair  and  the  structure  of  its  sheaths  and  the  hair-follicle 
are  shown  in  Fig.  5. 

Structure  of  the  Hairs. — The  different  varieties  of  hairs 
present  certain  peculiarities  in  their  anatomy,  but  all  of 
them  are  composed  of  a  fibrous  structure  forming  the  greater 
part  of  their  substance,  covered  by  a  thin  layer  of  imbricated 
cells.  In  the  short,  stiff  hairs,  and  in  the  long,  white  hairs, 
there  is  a  distinct  medullary  substance ;  but  this  is  wanting 
in  the  downy  hairs,  and  is  indistinct  in  many  of  the  long, 
dark  hairs. 

The  fibrous  substance  is  composed  of  hard,  elongated, 
longitudinal  fibres,  which  cannot  be  isolated  without  the  aid 
of  reagents.  They  may  be  separated,  however,  by  treating 
with  warm  sulphuric  acid,  when  they  present  themselves  in 
the  form  of  dark,  irregular,  spindle-shaped  plates,  from  yj^ 
to  y|^  of  an  inch  long,  and  from  ^  Jjq  to  ygVv  ^^  ^^  ^^^h 
wide.  These  contain  pigmentary  matter  of  various  shades, 
occasional  cavities  filled  with  air,  and  a  few  nuclei.  The 
pigment  may  be  of  any  color,  from  a  light  yellow  to  an  in- 
tense black,  and  it  is  this  substance  that  gives  to  the  hair 
the  great  variety  in  color  which  is  observed  in  different  per- 
sons. In  the  lower  part  of  the  root  the  fibres  are  much 
shorter,  and  at  the  bulb  become  transformed,  as  it  were,  into 
the  soft,  rounded  cells  found  in  this  situation  covering  the 
papilla. 

The  epidermis  of  the  hair  is  excessively  thin,  and  is  com- 
posed of  flattened,  quadrangular  plates,  overlying  each  other 
from  below  upward.  These  scales,  or  plates,  are  without 
nuclei,  and  exist  in  a  single  layer  over  the  shaft  of  the  hair 
and  the  upper  part  of  its  root ;  but  in  the  lower  part  of  the 
root  the  cells  are  thicker,  softer,  are  fi^uently  nucleated, 
and  exist  in  two  layers. 

The  medulla  is  found  in  the  short,  stiff  hairs,  and  it  is 
often  beautifully  distinct  in  the  long,  white  hairs  of  the  head. 
According  to  Sappey,  it  is  found  more  or  less  distinctly 
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miirkei]  in  all  the  long  hair?,  a.s  is  seen  on, transverse  flection.* 
It  fi^nns  from  oac-sixth  to  one-third  of  the  diameter  of  the 
liir.    The  mednlla  can  be  traced,  under  favorable  circum- 
stances,  from  just  above  the  bulb  to  near  the  pointed  extrem- 
ity of  the  hairs.     It  is  composed  of  small,  rounded  cells,  from 
jfn ^  lAo  of  an  inch  in  diameter,  nucleated,  and  fre- 
qnently  containing   dark   granules   of  pigmentary  matter, 
liked  with  these  cells  are  numerous  air-globules;  and  fre- 
qnentlr  the  cells  are  interrupted  for  a  short  distance  and 
the  space  ia  occupied  with  air.     The  dark  granules  of  the 
me<lallarv  cells  are  supposed  bv  Kolliker  to  be  merely  globules 
of  air.*     The  medulla  likewise  contains  a  glutinous  fluid 
between  the  cells  and  surrounding  the  air-globules. 

Growth  of  the  2?t*^V^. ^Although  not  provided  with 
Uaod  and  deprived  of  sensibility,  tlie  hairs  are  connected 
with  vascular  parts  and  are  regularly  nourished  by  imbi- 
bition from  the  papillEB.  Each  hair  is  first  developed  in  a 
olosed  sac,  and  at  about  the  sixth  month  its  pointed  ex- 
tremity perforates  the  epidermis.  These  first-formed  hairs 
are  afterward  shed,  like  the  milk  teeth,  being  pushed  out,  as 
it  were,  by  new  hairs  fi-om  below,  wbicli  arise  from  a  second 
and  more  deeply-seated  papilla.  This  shedding  of  the  hairs, 
which  wa-9  first  described  by  Kulliker/  usually  takes  place 
from  two  to  six  months  after  birth. 

The  difference  in  the  color  of  the  hair  depends  upon 
differences  in  the  quantity  and  the  tint  of  the  pigmentary 
matter;  and  iu  old  age,  the  hair  becomes  white  or  gray 
from  a  blanching  of  the  cortex  and  medulla. 

S^idden  Blanching  of  the  Hair,— It  is  an  interesting 
question,  in  connection  with  the  nutrition  of  the  haiTj  to 
examine  the  instances  so  often  quoted  of  sudden  blanching 
of  tiie  hair  from  violent  emf»tions  or  other  causes.     Some 


*Sait«v»  TraiU  ^anf^^omU  de$enplv%  Park,  1852,  torae  U.,  p.  5<}0. 

*  KuLUKJLR,  fFandhnch  der  Giiwebvlrhf^  da  Menscken^  Leipzig,  1857,  S.  180» 

»  O^,  cil.^  S:  187* 
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physiologists  are  of  the  opinion  tliat  the  hair  may  become 
almost  white  in  the  conrac  of  a  few  houn,  and  this,  indeed, 
h  a  popular  impression ;  hut  others  assume  that  such  sudden 
changes  never  take  place,  although  it  is  certain  that  the  hair 
frequently  turns  gray  in  a  few  weeks.  In  examining  the 
literature  of  this  subject,  it  is  difficult  to  find  in  the  older 
works  well-authenticated  cases  of  these  sudden  changes,  and 
most  of  those  that  have  been  quoted  are  taken  upon  the 
loose  authority  of  persons  evidently  not  in  the  habit  of  mak- 
ing scion tiiic  observations.  Such  instances,  unsupported  by 
analogous  casas  of  a  reliable  character,  must  necessarily  be 
rejected,  as  not  fulfilling  the  rigid  requirements  demanded 
in  scientific  inquiries,  in  which  all  possible  soarces  of  error 
should  be  carefully  excluded*  It  is  not  necessary,  therefore, 
to  quote  the  instances  of  sudden  blanching  of  tlie  hair  re- 
corded by  tlie  aucieut  writers,  nor  those  well-known  ceases 
of  later  date,  so  often  detailed  in  scientilic  works,  such  as 
that  of  Mario  Autuitiette  or  Sir  Thomas  More ;  and  it 
seems  proper  to  exclude,  also,  cases  in  wliich  the  blanching 
of  the  hair  has  been  observed  only  by  friends  or  relatives ; 
for  in  most  of  them  tlie  statements  with  regard  to  time  are 
conflicting  and  uiisatistactory. 

Kegarding  the  subject,  however,  from  a  purely  scientific 
point  of  view,  there  are  a  few  instances  of  late  date,  in  w^hich 
sudden  blanching  of  the  hair  ha^  been  observed,  and  the 
causes  of  this  remarkable  plienomenon  fully  investigated  by 
competent  observers ;  and  it  is  almost  unneco^saiy  to  say 
that  a  single  well-authenticated  case  of  this  kind  demonstrates 
the  possibility  of  its  occurrence,  and  is  interesting  in  coniieo- 
tion  with  the  reported  instances  wdiich  have  not  been  sub- 
jected to  proper  investigation.  One  of  these  cases  is  report- 
ed in  Vtrehmtj^s  Archw^  fur  April,  18G6,  by  Dr.  Landois,  as 
occun-ing  under  the  observation  of  himself  and  Dr.  Lohmer.* 
In  this  case  the  blanching  of  the  hair  occiu'red  in  a  hospital 

*  La^tdoib,  Pas  ploUHche  E^iytaueii  dir  Htiupihmrt. — TiRcnow'a  Archin^ 
BtTlin,  1866,  Bd.  xxir.,  S.  875. 
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ID  a  aingle  night,  while  the  patient  was  under  the  daily  ob- 
MfTation  of  the  visiting  physician.  As  this  is  one  of  the 
fetrirell-anthenticated  instances  of  sadden  blanching  of  the 
liair,  we  shall  give,  in  a  few  words,  its  essential  particnlarj? : 

The  patient,  a  compositor,  thirty-four  years  of  age,  with 
%lit  hair  and  blue  eyes,  was  admitted  into  the  hospital, 
July  9,  1865,  suffering  apparently  from  an  acute  attack  of 
•Idifimn  tremens,    A  marked  peeuliarit}^  in  the  disease  waa 
exccv^ire  terror  when  any  person  approached  tlie  patient- 
lie  ^lept  for  twelve  liours  on  the  niglit  of  the  eleventh  of 
JiJy,  after  taking  thirty  drops  of  laudanum.     Up  to  this 
time  nothing  unusual  had  been  observed  with  regtird  tu  the 
kair.     On  the  morning  of  July  12tb,  it  was  evident  to  the 
medical  attendants  and  all  who  saw  the  patient  that  th© 
^^Jbir  of  the  head  and  heanl  had  become  gray.     Tins  fact  was 
Jko  remiirkeil  by  the  friends  who  visited  the  patient,  and  he 
himself  called  for  a  mirror,  and  remarked  the  change  with 
intense  ajitonishment.     The  patient  continued  iu  the  hospital 
until  September  7th,  when  he  was  discharged,  the  hair  re- 
raaiuing  gray. 

An  interesting  point  connected  with  this  case  is  the  fact 
that  the  hairs  were  submitted  to  careful  microscopical  exami- 
nation.    The  white  hairs  were  found  to  contain  a  great  num- 
ber of  air-globules  in  the  medulhi  and  in  the  cortical  sub- 
stance,  but  the  pigment  was  everywhere  preserved.     The 
presence  of  air  gave  the  hairs  a  dark  appearance  by  trans- 
mitted light  and  a  white  appearance  by  reflected  light.    Dr. 
LaJidois   qnotesi   in   this  connection,  instances   of  blanch- 
ing of  the  hair,  in  which  each  hair  presented  alteruate  rings 
of  a  white  and  brown  color.     Another  very  curious  case  of 
this  kind  was  lately  reported  to  the  Royal  Society  by  Sir. 
Erasmus  AVilson.*     In  this  case,  the  white  portions  present- 
ed, on  a  microscopical  examination, great  bubbles  of  air; 

•  Wtuo^s,  On  a  remarhifife  Alt^nUhn  nf  Appearance  and  Struct ttre  of  (he  Hiu 
man  ffaif.^I^iroemdiitg9  0/tke  So^tU  Socifty^  Loudoti,  18(17,  toI.  xr.^  No.  lU,  p. 
40«,  rf  #*y. 
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but  there  was  no  diminution  in  tlie  quantity  of  pio^ieutai 
matter.     The  possibility  of  sudden  blanching  of  the 
fartlier  illustrated  by  a  curious  observation  lately  made  by^ 
Dr.  Brown-Sequard,     This  physiologist  observed  in  his  own 
person  four  white  hairs  upon  the  elieeks  upon  one  side,  a 
Beven  npon  the  otherj  mixed  with  the  dark  hairs  of  the  bei 
These  he  pulled  out,  and  two  days  after,  he  found  two  hai 
npon  one  Bide,  and  three  upon  the  other,  that  were  whi 
tliroughout  their  entire  length.     This  observation  be  vei 
fied  several  times,  and  iroin  this  he  concludes  that  there 
no  doubt  of  the  "  possibility  of  a  very  rapid  transtbrmatioi 
(probably  in  less  than  one  night)  of  black  hairs  into  white.'*] 

The  microscopieal  exaniiiuitionsby  Dr*  Landois  and  oth 
leave  no  doubt  as  to  the  cause  of  the  wliite  color  of  tlie  h 
in  cases  of  sudden  blanching ;  and  the  instances  we  ha 
just  quoted  show  that  the  fact  of  the  occurrence  of  this  phe- 
nomenon  can  no  longer  be  called  in  question.     All  are 
agrec*<l  that  there  is  no  diminution  in  the  pigment,  but  that 
the  greater  part  of  the  medulla  becomes  filled  with  air,  small 
gh^bnles  being  also  found  in  the  cortical  eubstance.     The 
hair  in  these  cases  presents  a  marked  contrast  with  hair 
that  has  become  gray  gradually  from  old  age,  when  there  is 
always  a  loss  of  pigment  in  the  cortex  and  medulla.     How 
the  air  finds  its  way  into  the  hair  in  sudden  blanching  it 
ia  difficult  to  imagine ;   and  the  views  that  have  been  ex- 
pressed on  this  subject  by  different  autliors  are  entirely  theo- 
retical. 

The  fact  that  the  luiir  may  liecome  white  or  gray  in  the 
course  of  a  few  hoiu-s  renders  it  probable  that  many  of  the 
cases  reported  upon  unscientific  authority  actually  occurred; 
and  these  have  all  been  supposed  to  be  connected  with  in- 
tense grief  or  terror.  The  terror  was  very  mai*ked  in  the 
case  reported  by  Dr.  Landois.     In  the  great  majority 

»  BROWJ«*Si^:QCAnD,  ExjHTitnct'iiUmontraHt  que  letpoik  peuvcfit  pauerr 
rat'/if  df  noir  an  bhne,  cftez  rhotntnc, — Archhrs  dt  fthj^olo^$^  Paris,  1869^  ton 
ii„  p.  442. 
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jcorded  observations,  the  euddeu  blanching  of  the  l^air  Las 
lleea  apparently  connected  with  intense  mental  emotion; 
kt  this  is  all  that  can  be  said  on  tlio  subject  of  causation, 
andtlie  mechanism  of  the  change  h  not  imderstood. 

Cie«  of  the  Hairs. — The  haii-s  serve  an  iriiportant  i»ur- 
pose  in  the  protection  of  the  general  sm^ace  and  in  guarding 
certain  of  the  orifices  of  the  body.  Tlie  hair  upon  the  head 
and  the  face  protects  from  cold  and  shields  the  head  froiu  the 
r»Tfiof  the  sun  during  exposure  in  hot  climates.  Although 
tie  amount  of  hah-  upon  the  general  surface  is  small,  as  it  is  a 
Tery  bad  conductor  of  caloric,  it  serves  in  a  degree  to  maintain 
ie  heat  of  the  body.  It  also  moderates  the  friction  upon  tlie 
The  eyebrows  prevent  the  perspiration  from  run- 
from  the  forehea*!  upon  the  lids ;  the  eyelashes  protect 
surface  of  the  conjunctiva  from  dust  and  other  foreign 
intttters ;  the  mustache  protects  the  lungs  from  dust,  a  func- 
tioQ  verj*  important  to  those  exjjosed  to  dust  in  long  journeys 
or  in  their  daily  work  ;  the  short,  stiif  hail's  at  the  openings 
of  the  ears  and  nose  protect  these  orifices.  It  is  diiScult 
to  afifiign  any  special  office  to  the  haii-s  in  some  other  situ- 
but  their  general  uses  are  sufficiently  evident. 

I  ^er^jn  ration. 

the  fullest  acceptation  of  tlie  term,  perspiration  em- 
>  the  entire  function  of  the  skki  as  an  excreting  organ, 
and  includes  the  exhalation  of  carbonic  acid  as  well  as  of 
watery  vapor  and  organic  matter.  The  office  of  the  skin  as 
an  eliminator  is  undoubtedly  very  important ;  but  the  quan* 
tity  of  excreraentitiouB  matters  with  the  properties  of  which 
we  are  well  acquainted,  such  as  carl>oiiic  acid  and  urea,  thrown 
off  from  the  general  surface,  is  small  as  compared  to  the 
amount  exhaled  by  the  lungs  and  kidneys.  If  the  surface 
af  the  body  be  covered  with  an  impermeable  coating,  death 
always  takes  place  ;  but  the  phenomena  which  precede  the 
fatal  result  are  difficult  to  explain.     The  experiments  on  this 
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subject  bj  Fourcatilt/  Bouley  and  Bernard,*  and  otliere,  ar 
very  interesting.    In  tbcse  observations,  cntaneons  exbalaiio 
was  entirely  suppressed  in  horses,  rabbits,  and  otber  animali 
by  covering  tbe  surface  with  an  impermeable  coating  < 
varnish  or  pittli ;  and  the  animals  died  at  periods  varyii] 
from  a  few  hours  to  ten  days,  the  gravity  of  the  eyniptoc 
depentling  upon  the  thoroitghnesa  with  which  the  coatiii 
Lad  been  applied .     The  exj>erinicnts  of  Bern ard,  part  icnlailj 
were  most  eiirions  and  interesting,    lie  confirmed  the  o^ 
servations  of  Fonrcanlt  and  Bouley  on  the  efiects  of  coverii3 
the  entire  surface,  in  horses,  with  an  impemieable  coating 
hut  he  found  that  when  a  space  of  even  a  few  inches  wi 
left  uncovered^  tlie  aniniak  survived;  and  in  animals  tha 
were  ftuffering  fi'om  the  effects  of  a  complete  coating,  if 
small  portion  were  removed,  tlie  sjinptoms  were  ameliorate 
and  recovery  took  place/    These  experiments  led  Bema 
to  the  conclusion  that  death  does  not  take  place,  after  com-^j 
plete  suppression  of  the  functions  of  the  skin,  from  ret-entioi 
of  carbonic  acid  alone. 

One  of  the  well-known  objects  of  cutaneous  exlialatioij 
is  to  keep  down  tho  animal  temperature  by  evaporation* 
when  there  is  a  tendency  to  too  great  development  of  heat 
by  exercise  or  from  other  causes ;  and  it  might  be  suppose^^l 
that  the  suppression  of  this  function  would  be  one  of  th^^ 
chief  causes  of  the  fatal  result.  It  is  curious,  however,  that 
in  the  early  experiments  of  Fourcault,*  and  in  the  later  obser- 
vations of  Bernard,  the  animals  suffered  a  great  diminution 
in  temperature,  Bernard  found  that  death  occurred  i 
the  temperature  was  botween  68**  and  72**  Fahr.,  alwaj 


*  FoURCACLT^  Ekph-knc€4  dknonimrU  Cin^Henee  dc  la  mpprtmon  i 
ds  la  tr&ntplraihn  mtnnk  mr  fatteration  du  Mnff, —  Compiet  rmdut^  '. 
1838,  tome  vu,  p.  »6»,  and  Ibid.,  18*43,  tome  xvi.,  p»  139. 

•  BERHAAn,  Ztfont  tur  Ut  proprictii^  etc.^  dct  UqnidtM  da  Var^nitimt^  \ 
1859,  tomeil,  p.  IT 7. 

»  Op.  ciL^  p.  178. 
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taking  place  more  rapidly  when  the  surrounding  temper- 
ature was  lowered.' 

In  some  later  observations  upon  this  subject  by  Valentin 
and  Laschkewitsch,  tacts,  still  more  curious,  have  been  de- 
veloped.   La8chkewit8ch1  found  that  the  peculiar  effects  of 
iin  impermeable    coating  to  the  surface  were  much  lesa 
njarked  in  large  than  in  email  animals.     Horses  treated  in 
tiiis  way  lived  for  several  days,  but  rabbits  died  in  a  few 
hours.    In  rabbits,  death  frequently  occurred  after  coating 
only  one  quarter  of  the  surface.     Yalentin  and  Laschke- 
wiUch  confirmed  the  observations  on  the  lowering  of  tlie 
animal  temperature;    but  they  found  that  when  the  heat 
was  kept  at  the  normal  standard  by  artificial  means,  no  mor- 
bid ejinptoms  were  manifested*     Neither  of  these  ob&er\xr3 
txmid  detect  any  accumulation  of  excrementitious  or  other 
morbid  principles  in  the  blood ;  and  the  results  of  their  ex- 
periments were  opposed  to  the  view  that  death  takes  place, 
trnder  the^se  conditions,  from  asphyxia.     The  cause  of  death 
has  never,  indeed,  been  satisfactorily  explained,  partly  for 
tbe  reason  that  we  are  unacquainted  with  the  nature  and 
prnperties  of  all  the  excrementitious  matters  exhaled  from 
the  §kin  ;  and  it  is  not  easy  to  understand  why  coating  tlie 
surface  should  be  followed  by  sueli  a  rapid  dimiiuition  in 
the  temperature  of  the  body.      The  experimental   facts, 
however,  would  indicate  that  the  skin  possesses  important 
fanctions  with  which  we  are  entirely  unacquainted.     Phy- 
siological chemists  have  detected  urea  and  some  other  effete 
matters  in  the  perspiration,  Ijut  it  is  probable  that  some  vol- 
atile principles  are  eUminated  by  the  general  surface,  which 
have  thus  far  escaped  observation.     The  importance  of  free 
action  of  the  skin  in  the  human  subject  was  strikingly  illus- 
trated in  the  case  of  a  child  who  was  covered  with  gold-leaf  in 

*  Beuiajld,  op.  rii.,  p.  177. 

*  LjuciucEwn^cn^  Ucber  die  ITrmehen  der  Ttrnperatur-ErnUdrufung  bn  ITn* 
tgr^Ukutk^  ddr  IltttUptritpfrafion^ — Archiv  fi'tr  Anaiotnit^  Phjf$iolorfit^  und  ipti- 
^mt^filuiie  Median,  Leipzig,  1S08,  Xo.  L,  S.  61,  ef  «fy. 
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order  to  repreieut  aa  aagel  in  the  ceremonies  attending  tin 
coronation  of  Pope  Leo  X.     This  child  died  a  few  hours  af 
the  coating  had  been  applied.* 
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Sudon^arouB  Glaiids, — The  most  numerous   and  th^ 
most  ioiportant  glands  of  the  skin  are  those  which  secrete 
the  fierripiratian.     The  other  glanda,  which  have  been  alreadj^^ 
considered,  have  rather  a  mechanical  function,  serving  ^if^k 
keep  the  Bkin  and  its  aj>pendages  in  a  i>roper  condition  for 
the  protection  of  the  subjacent  parts;  but  it  ii  the  perspira^ 
tory  apparatus  alone  which  is  concerned  in  the  great  fuE 
tion  of  oliiniiiation. 

With  few  exceptions,  every  portion  of  the  skin  is  pr 
vided  with  sudoriparous  glands.     They  are  not  found,  Uow- 
ever,  in  the  skin  covering  the  concave  surfeee  of  the  concb 
of  the  ear,  the  glans  penis,  the  inner  lamella  of  the  prei>uc 
and,  unions  the  ceruminous  glands  be  regarded  as  sudo 
riparous  organs,  the  external  auditory  meatus.     Kolliker 
states  that  some  other  portions  of  the  Bkin  are  deprived 
of  sweat-glandi*,  but  he  does  not  indicate  their  situation." 

On  examining  tlie  surface  of  the  skin  with  a  low  ma 
fying  powcr^  especially  on  the  palms  of  the  hands  and  thJ 
soles  of  the  feet,  the  orifices  of  the  sudoriferous  ducts  maj 
be  seen  in  the  middle  of  the  papillary  ridges,  forming  a  re 
ular  line  in  the  shallow  groove  between  the  two  rows  ol 
papillo?.     Tlie  tubes  always  open  upon  the  surface  obliquelj 
If  a  thin  section  of  the  skin  be  carefully  made  and  examine 
microscopically,  the  ducts  are  seen  passing  tli rough  the  ^ 
lerent  layers  and  terminating  in  rounded,  convoluted  coil 
in  the  subcutaneous  structure*     These  little  rounded^ 
ovoid  bodies,  which  constitute  the  sudoriparous,  or  sweat 
producing  apparatus,  may  be  seen  attached  to  the  undfi 
surface  of  the  skin,  wdien  it  is  removed  from  the  subjacenf 
parts  by  maceration.    The  perspiratory  apparatus  consist 

"  KoLLtKEi,  lltnl'juch  der  Qemhdehre  dot  Mmtchtu^  Leipzig,  1867,  S.  1S?> 
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inieed^  of  a  simple  tube,  presenting  a  coiled  mass  beneath 
the  Blin,  the  sudoriparous  portion,  and  a  ttibe  of  greater 
^flr  k6&  length,  in  proportion  to  the  thiokness  of  the  cuta- 
;  layers,  which  h  the  excretory  duct,  or  the  Budoriferous 
portion. 
The  glandular  coils  vary  iu  size  from  yJtt  ^'^  sV  ^^  ^^^  *^^^^^  ? 
■tte  smallest  coik  being  found  beneath  the  skin  of  the  penis, 
llie  scrotum,  the  eyalidsj  the  nose,  and  the  convex  surface  of 
^tbe  concha  of  the  ear,  and  the  largest  on  the  areola  of  the 
iipple  and  the  perineum.  Very  large  glands  are  found 
with  smaller  ones  in  the  axilla,  but  these  produce  a 
ctiliar  secretion  which  will  be  gpeeially  considered.  The 
IpiJed  portion  of  the  tube  is  about  ^^  of  an  inc!i  in  diiime- 
r,  and  forms  from  bik  to  twelve  convolutions.  It  consists 
'  a  8haq>ly  define^I,  strong,  external  membrane,  from  ^-^ 
y^j^  of  an  iuch  in  thickness,  ver}'  transparent,  uniformly 
granular,  and  sometimes  indistinctly  striated*  This  h  of  uni- 
diameter  throughout  the  coil,  and  terminates  in  a  very 
ghtly  dilated,  rounded,  blind  extremity.  It  is  filled  with 
^irheliura  in  the  form  of  finely  granular  naatter,  usually  not 
gmentcd  into  cells,  and  provided  with  small  oval  nuclei, 
he  glandular  mass  is  surrounded  with  a  plexus  of  capillary 
[-vessels,  which  send  a  few  small  brancliefi  between  the 
lonvolutions  of  the  coil.  Sometimes  the  coil  is  enclosed  in 
I  delicate  fibrous  envelope. 
The  excretory  duct  is  simply  a  continuation  of  the  glan- 
ilar  e^ih  Its  course  through  the  layers  of  the  true  skin  is 
arly  straight.  It  then  passes  into  the  epidennis  between 
he  papillae  of  the  corium,  and  presents,  in  this  layer,  a  num- 
er  of  spiral  turns.  The  spirals  vary  in  number  according 
y  the  thiekne^  of  the  epidermis.  Sappey  has  found  from 
i  to  ten  in  the  palms  of  the  hands,  and  from  twelve  to  fif- 
en  in  the  soles  of  the  feet.  As  it  emerges  from  tlie  glandu- 
"coil,  the  excretory  duct  is  somewhat  narrower  than  the 
iil>e  in  the  secreting  portion  ;  but  as  it  passes  through  the 
pidermis,  it  again  becomes  larger.     It  possesses  the  same 
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external  membrane  as  the  glandular  coil,  and  is  lined  gene 

ally  by  two  layers  of  cells  of  pavement-epithelium/ 

In  a  section  of  the  skiu 
the  subentaneuns  tissue,  involi 
ing  several  of  the  eudoriparotl 
glands  with  their  ducts,  it 
seen  that  the  glandular  coils  i 
generally  situated  4it  different^ 
planes  beneath  tlie  skin,  as  li" 
indicated  in  Fig.  0, 

llobin  has  described  a  vari- 
ety of  sudoriparous  glands 
the  axilla,  wliieh  do  not  differ  i 
much  from  the  glands  in  otlie 
ports  in  their  anatomy,  as 
the  eliaracter  of  their  secretion*! 
The  coil  in  tliesc  glands  is  muc 
larger  than  in  other  parts,  mea 
uring  from  ^  to  ^  of  nn  inchp 
tbe  walk  of  the  tube  are  thick- 
er, and  present  an  investment  of 
fibrous  tissue  with  an  internal 
layer  of  longitudinal,  unstriped 
muscular  fibres;*  and  finally, 
the  tubes  of  the  eoil  it^lf  are 
lined  with  cells  of  pavement- 
epithcliunL  They  are  very  nn- 
merons  in  tlie  axilla,  forming  a 

continuous  layer  beneath  the  skin.    Mixed  with  these  glands 

are  a  few  of  the  ordinary  variety. 

Estimates  have  been  made  by  different  Avriters  of  tho 

absolute  number  of  sudoriparous  glan<-U  in  the  body,  and 


yaiiM^  l^:/i,  UUQ^  LL,  p.  4(»6,) 


'  SAMTfT,  TraiU  itanatomk  dtmriptiw^  Puna,  1852,  tome  u.,  p.  4681 
'  RootJf,  Note  mr  w*r  rnp^  partieulUrt  de  fflandts  de  tn  peau  dt  i 
Annate*  det  acMnosi  maiumlfm^  ZooLatjfU^  Sme  86ric,  Paris,  1815,  p.  380« 

>  KiiLLiKia,  iiSmdlhMi&  iu^  QM^hrt  da  Mattchen,  Leipiig,  1807,  S.  14a 
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the  probable  extent  of  the  exbalant  surface  of  the  skin. 
One  of  tbe  moat  careful,  and  probably  tbe  most  reliable 
of  these  estimates,  is  that  made  by  Krau&e ;  but  like  all 
of  this  kind,  the  results  are  to  be  taken  as  merely 
lative.     Krause  found  great  differences  in  tbe  num- 
ber of  perspiratory  openings  in  dillercnt  portions  of  the  skin, 
imd  estimated  the  number  in  a  square  inch  in  certain  parts," 
as  fallows :  On  the  forehead,  he  found  1,258  glands  to  a 
square  inch ;  on  the  cheeks,  548 ;  on  the  anterior  and  lateral 
portions  of  tlie  neck,  1,303 ;  on  the  breast  and  abdomen, 
1,136 ;  on  the  back  of  the  neck^  the  back,  and  the  nates,  417; 
I  the  forearm,  inner  surface,  1,123,  and  the  outer  surface,  1,093  j 
[on  the  hand,  palmar  surface,  2,736,  and  dorsal  surface,  1,490 ; 
I  on  the  upper  part  of  the  thigh,  inner  surface,  576,  outer  sur- 
I  face,  554 ;  on  the  lower  part  of  the  thigh,  inner  surface,  576 ; 
[on  the  foot,  plantar  surface,  2,685,  and  the  dorsal  surface, 
[i>24,'      From  these  figures  it  is  estimated  that  the  entire 
\  number  of  perspiratory  glands  is  2,881,248 ;  and  assuming 
that  each  coil  when  unravelled  measures  about  -^  of  an  inch, 
the  entire  length  of  the  secreting  tubes  is  about  2^  miles. 
It  miHt  be  remembemd,  however,  that  the  length  of  the 
psecreting  coil  only  i&  given,  and  that  the  excretory  ducts  ai'o 
-not  included.^ 


Mschanwm  of  th^  Secretion  of  Sweat — The  action  of  the 
ekin  as  a  glandular  organ  is  continuous  and  not  iutermit- 
tent;  but  under  ordinary  conditions,  the  sweat  is  exhaled 
I  the  general  surface  in  tlie  form  of  vapor*     With  regard 


*  KiAi^it,  Baut^  in  Wioms,  Hmdworierbuch  dcr  Phynoto^e^  BrauiMchweig, 
gtii,  Bd.  iL,  S,  131. 

'  If  fbd  Above  calculation  be  approximatiTelj  correct,  tlic  estimate  given 

ky  WTUoo,  which  is  frequently  quoted  in  works  on  phjeiologry,  must  be  Tery 

Iviuch  exaggerated.     Wilson  aaflumea  that  the  avcrtige  mitnber  of  pores  to  tbe 

|ii«li  of  etirface  is  2,800;  and,  includiiig  the  length  of  excretory  duct, 

^  €*&i!i«te«  that  each  tube  measures  about  a  quarter  of  an  inch.     Af  suming 

that  the  otumber  of  square  iuchea  of  eurface  Ih  2^500  (a  little  more  thau  the  e&ti- 

\  of  Ealbr,  which  U  fifteen  square  feei)  It  is  estimated  that  the  total  leugtb 
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to  the  mecbaniain  of  its  separation  from  the  blood,  nothing 
is  to  be  said  in  addition  to  the  general  remarks  upon  the 
subject  of  secrotioB  ;  and  it  in  probable  that  the  epitlieliuni 
of  the  secreting  eoils  is  the  active  agent  in  the  selection  of 
the  peculiar  matters  which  enter  into  its  eompositioa.  There 
are  no  examples  of  the  separation  by  glandular  organs  of 
vapor  from  the  bloo<l,  and  the  perspiration  is  eeereted  as  a 
Hquidj  and  only  becomes  vaporous  as  it  is  discharged  upon 
the  surface. 

The  influence  of  the  nervous  system  upon  this  eeeretiou 
is  remarkable.  It  is  well  known,  for  example,  that  an  abun- 
dant production  of  perspiration  is  frequently  the  result  of 
mental  emotions.  Uernard  lias  shown,  in  a  series  of  inter- 
esting experiments,  that  the  nervous  influence  may  be  prop 
agated  through  the  sympathetic  system.  In  one  of  these 
obsen,'ations,  he  divided  the  sympathetic  in  the  neck  of  a 
horse,  producing,  as  a  consequence,  an  elevation  in  tempera- 
ture and  increase  in  the  arterial  pres-^ure  in  the  part  supplied 
witli  branches  of  tlie  nerve.  He  found,  also,  that  the  skin  of 
the  part  became  covered  witli  a  copious  perspiration.  Upon 
galvanizing  the  divided  extremity  of  the  nerve,  tlie  secretion 
of  sweat  was  arrested/  When  the  skin  is  in  a  normal  con- 
dition, after  exercise  or  wlieuever  there  is  a  tendency  to  ele- 
vation  of  the  animal  temperature,  there  is  a  determinatid^H 
of  blood  to  the  surface,  accompanied  with  an  increase  in  the 
secretion  of  sweat*  This  is  the  case  wdien  the  body  is  ex- 
posed to  a  high  temperature ;  and  it  is  by  an  increase  in  the 
tnmspiration  from  tlie  surface  that  the  animal  heat  is  main- 
tained at  the  normal  standard. 

QuaiitUij  of  Cutaneous  Ej^halation, — The  amount   ol 
cutaneous  exhalation  is  subject  to  great  variatiuns,  depend- 

of  perspiratory  tubing  18  nearly  twenty-eight  mik'S.     In  a  note,  bowever,  itl 
Btated  that  the  f^cU parous  aygtem  \%  mcluded  in  this  calealAllon  (Erasmus  Wil- 
BO!f,  HeaUhySkin,  rhikdel|)hia,  1854,  p,  68)* 

'  Bernard,  Liquidei  de  tor^anUmt^  Fttrifi,  185^,  tome  IL,  p.  188. 
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ing  npon  conditions  of  temperature  and  nioistiirej  exercise, 
t!ie(jDaiitity  and  character  of  the  ingesta,  etc.    Most  of  thei?© 
variations  relate  to  the  fonetion  of  the  skin  in  regulatii\g  the 
temperatureof  the  body ;  and  it  i:^  probable  that  the  elioii- 
imtion  of  excrementitious  tnattere  by  the  skin  is  not  Bnbject, 
iJer normal  conditions,  to  the  same  modifications,  although 
tive  experiments  upon  this  point  are  wanting.     It  is  not 
ie^igned,  in  this  connection,  to  discuss  all  the  experiments 
it  have  been  made  upon  the  quantity  and  the  mo<lifica> 
ions  of  the  cutaneous  exhalations,  and  w^  will  only  con- 
ider  what  appear  to  be  the  most  reliable  of  the  numerous 
recorded  obserrations  upon  this  suT^jeet,     The  classical  ex- 
riments  of  Sanctorius  were  among  the  tii'i^t  attempts  to 
termine  by  the  balance  the  relations  of  the  ingesta  to  the 
exhalations ; '   but  these  were  necessarily  imperfect,  on  ac- 
count of  the  difficulty  in  constructing  proper  instruments  for 
le  investigations,  and  the  cutaneous  and  pulmonary  exhala- 
IDS  were  estimated  together.     AVlien  there  is  such  a  wide 
range  of  vjiriation  in  different  individuals  and  in  tlie  same  per- 
son under  diiferent  conditions  of  season,  climate,  etc.,  it  is 
only  possible  to  give  approximate  estimates  of  the  quantity 
of  sweat  secreted  and  exlialed  in  the  twentv-four  hours : 
d  more  recent  observations  have  shown  that  the  calcula- 
ns  of  Seguin  and  Lavoisier,*  made  in  1790,  are  as  nearly 
as  possible.      These  observers  estimated  the  daily 
qtSbtity  of  cutaneous  transpiration  at  about  two  pounds 
(one  pound  and  fourteen  ounces).    The  estimates  uf  Krause' 
and  of  Valentin  *  are  a  little  less,  but  the  diflerence  is  not 
siderable. 


^ 


by  John  Qdikcv,  M.  D»,  London,   1723, 


^^ft  ^  gAycTOniVS,  Medieina  Slaiica  ; 

^^^  •  Skguin  rr  LATOtstKB,  PtrmUr  mhnoirtmr  la  irampiraiion  des  animmiz, — 
Mi^t&ire  dt  VAmdhme  diet  Sdfnm,  annSf,  1790^  Paris,  Ka?,  p,  609. 

EBAtm,  //««/,  in  Waonhi,  ffandieorkrhuch  der  PkysiologU^  Braunacbweig, 
,  64  11.,  S.  189.  H  §eq. 
*  VAJJK5TtN,  Lehrbv^h  der  FhtfMostii  de»  Mentchm^  Brmaii8<jliwcig,  1844, 
I,  a.  714,  tt  M9. 
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Under  violent  aud  prolonged  exercise,  tlie  Joss  of  weigl 
by  exhalation  from  ths  skin  and  Innga  may  become  very  coi 
sidemble.  It  is  stated  by  Mr.  Maclaren,  the  author  of  an  ex- 
cellent work  on  training,  that  in  one  hour's  energetic  fencing, 
the  loss  by  perspiration  and  respiration,  taking  the  average 
of  six  consecutive  days,  was  about  three  ponnds,  or  accurate- 
ly, forty  oimce^,  with  a  varying  range  of  eight  ounces.* 

When  the  body  is  exposed  to  a  very  high  temperature, 
the  amount  of  exhalation  from  the  surface  is  immensely  i 
creased ;  and  it  is  by  this  rapid  evaporation  that  persoi 
have  been  able  to  endure  for  several  miimtes  a  temperatu 
considerably  exceed  i  iig  that  of  boiling  water.   Dr.  South wo< 
Smith  made  some  very  interesting  observations  on  this  point 
upon  workmen  employed  about  the  furnaces  of  gas-works 
and  exposed  to  intense  heat ;  and  he  found  that  in  an  hour^ 
the  loss  of  weight  amounted  to  from  two  to  four  pound*?>  th 
being  chiefly  by  exhalation  of  watery  vapor  from  the  skioJ 
In  these  instances  the  loss  of  water  by  transpiration  is  sup- 
plied constantly  by  the  ingestion  of  lai^e  quantities  of  liquid. 


I 

odH 

1 


Properties  and  Composition  of  the  Sweat. — ^A  very  com- 
plete and  satisfactory  analysis  of  the  sweat  was  made  by 
Farre,  in  1853.  After  taking  every  precaution  to  obtain  the 
secretion  in  a  perfectly  pure  state,  he  collected  a  very 
quantity,  nearly  thifty  pints  (fourteen  litres),  the  result 
six  transpirations  from  one  person,  which  he  assumed 
repi-esent  about  the  average  in  composition,'    The  liquid  was 


n  the 
larg^ 
dtofS 
ed  toS 


'  MACLAJiEjfj  TVaininff^  in  Theory  and  Pmcdce^  London,  1866,  p.  89. 

•  SocTuwooD  Smith,  TT^e  FMIo-soph^^  of  ITeal%  Loudon,  1 865,  p.  2S4,  #<  j 
Dr.  Smitb  found  great  dilTerences  In  thti  loss  on  diflVrcnt  daja  in  tbc  eome  pe^ 
BODS,  and  a  great  varintJon  In  the  dlfiTerent  persons  employed  ia  ius  experimenU 
Iq  bis  tldrd  series  of  experiments,  made  upnn  ten  workmen,  the  minimviin  < 
loss  in  one  hour  was  two  pounds.  The  maximum  waft  in  two  persons  "  irhoi 
worked  in  &  very  hot  place  for  one  hour  and  ten  inimites,"  One  of  these  loi 
four  pounds  and  fourteen  ounces^  and  the  other,  five  pounds  and  two  ounces. 

■  Fatric,  Recher^het  mr  la  comfit  lion  chimigne  de  la  tutur  t^ex  Vhommt,^^^ 
Archives  ffinSrafet  tie  mklectn^^  Pari.i,  1858,  5me  s^^rie^  tomo  ii.,  p.  1,  fi  «f^* 

The  analjrsia  of  the  sweat  bj  Farrc  u  the  one  most  frequently  referred  to  b|- 
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itly  limpid,  colorless,  and  of  a  feeble  but  cbaracteristic 

odor.    Almost  all  observers  bavc  found  tlie  reaction  of  tbe 

&weat  to  be  acid ;  but  it  readily  becomes  alkaline  on  being 

I  snlijected  to  evaporation,  showing  that  it  contains  Bome  of 

he  volatile  acids.      In  tbe  experiments  of  Favre  it  was 

nd  that  the  fluid  collected  during  the  firsit  half  hour  of 

he  observation  was  acid,  during  the  second  half  hour  it  was 

€Utral  or  feebly  alkaline,  and  during  the  third  half  hour, 

intly  alkaline.    The  specific  gravity  of  the  sweat  is 

m  1003  to  1004/    The  following  is  the  composition  of 

uid  collected  by  Favre : 


Composition,  of  tf^  Sweat 

995-578 

Twa,.. 0043 

Fauj  maUera. , 0014 

AJkjiline  lactates * 0-317 

Alkidlue  sudormtes 1*563 


Chloride  of  sodium, 
ClUodde  of  potjusium, 
Alkalliie  eulpbAtes, 
Alkdloe  pUosphaies, 
AlkaUne  albuminAtcs, 


2-230 

0-244 

p  soluble  in  wntcr. • 0*012 

.*.*..• a  trace. 

_       0*CM)5 

Alkaliiie  carthj  phosphates  (soluble  \i\  acidulated  water). . .  a  trace. 

Epidennie  rftiWj  (insoluble) a  trace. 


1,000'OCK) 

We  have  already  alluded  to  the  functions  of  the  skin  as 
Ifespiratory  organ  and  its  office  in  regulating  tlie  tempera- 
lore  of  the  body  by  evaporation  of  what  is  inown  as  the  lu- 
wnsible  perspiration ;  but  the  composition  of  the  sweat  in* 

ates  clearly  that  the  skin  ia  an  important  organ  of  excre- 
Urea  is  now  known  to  be  a  constant  constituent  of 

«niolegical  writers.  The  subject  of  the  experiment,  the  wirfac©  being  first 
tboroQghly  clcanaed,  waa  enclost^d  Lu  a  metAllio  caae,  expcwed  to  an  eloTAted 
''civixnturev  ^^^  ^^  tranApiratton  collected  as  it  flowed,  and  almoBt  imme- 
^>M«ly  malaxed.  Each  experiment  was  continued  for  from  itn  hour  io  an  hour 
Mdihalf. 

'  KiihVXy  Ltf&m  tur  let  humeun^  Faris^  1867,  p.  021. 
77 
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the  sweat/  and  the  compounds  of  sudoric  acid  are  probahl^j 
excrementitious  in  their  cliaracter,  although  thej  hare  ni^H 
jet  beeu  detected  in  the  blood  or  in  any  of  the  tissues*  Th^^ 
quantity  of  urea,  under  on.linary  conditions,  is  not  large ;  but 
it  is  well  known  that  its  proportion  in  the  sweat  is  very 
much  increased  when  there  is  deficient  elimination  by  the 
kidneys.  The  sudoric  acid^  obtained  by  decomposition  of 
tlie  sudorates  of  eoda  and  of  potassa,  is  ,a  nitrogenized  sub- 
stance, with  a  fonnulay  according  to  Favre/  who  first  de- 
scribed it,  of  0,  J1,0„  X.  The  nature  of  the  volatile  acid 
has  not  yet  been  determined.  The  fatty  matters  are  proba- 
bly produced  by  the  sebaceous  glands,  and  the  ordinary 
nitrogenized  matters  are  derived  from  the  epidermic  scaler* 
With  regard  to  the  inorganic  constituents,  there  is  no  great 
interest  attached  to  any  but  the  chloride  of  sodium,  which 
exists  in  a  proportion  many  times  greater  than  that  of  all 
the  other  inorganic  matters  combined. 


h^^l 


Peeuliaritie^  of  the  Sweat  in  Certain  Parts. — In  th 
axilla,  the  inguino-scrotal  region  in  the  male,  and  the  ingui-     , 
no-vulvar  region  in  the  female,  and  between  the  toes,  the 
sweat  always  has  a  peculiar  odor,  more  or  less  marked,     I 
which,  in  some  persons,  is  excessively  disagreeable.     Donn6 

*  Fourcroy»  according  to  Bcnteliug,  first  indicated  the  presence  of  urea  in  the  I 
8^eat  of  the  horse  ;  and  afterward  Landererj  Schottin  (in  caBea  of  renal  dtde^s^),  ' 
Favre,  Funcke,  und  others  detected  it  in  the  awcat  of  the  kmnan  subject 
Funcke  obtained  it  in  a  riuich  hir^cr  proiJorUon  tha.n  is  givea  by  FATre^  Th© 
presence  of  uric  acid  ha*  never  l>eeii  determined* 

FouRcnoY,  quoted  by  nKHZELiuH^  Traitt  de  cJwnie^  Paris,  183S^tomc  riu 

Beraelius  does  not  give  any  distinct  reference  to  this  obaenration,  and  it  U  noi 
to  be  found  in  the  earlier  works  of  Fouroroy. 

-^^  Landeiikr,  Decottvei't€  <k  Vune  dam  tit  trafuipLration. — 'Journal  de  chimte 
nUdieate,  Tarisi^  1848,  s6rte  ili.^  tome  iv.,  p.  475. 

ScBOTTiK,  Ufher  die  chcmfachen  Beatandikeilt  dci  Schwelua, — Ari^vj 

phjftioioffi^ek^  Ileilkund^^  Stutt|*art,  1@52,  Bd  xi.,  S.  67. 

FoJCKE,  Hiefr&ffv  zur  Kenntniw  da-  JBchweituetrctmt. — Moleschott*8 

terruefi^mffm,  Frankfurt  a.  M.,  1858,  Bd.  iv.,  S.  66,    In  one  observation  Fune 
found  0*112,  and  in  unothur,  01^9  per  cent  of  urea  in  the  sweat. 
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has  Bhown  that  whenever  the  secretion  has  an  odor  of  this 
kind  its  reaction  is  distinctly  alkaline ;  and  he  is  disposed  to 
regard  its  peculiar  characters  as  due  to  a  mixture  of  the  secre- 
tion  of  the  other  follicles  found  in  these  situations/  Some- 
times the  sweat  about  the  nose  has  an  alkaline  reaction.  In 
the  axillary  region,  the  secretion  is  rather  less  fluid  than  on 
the  general  surface  and  frequently  has  a  yellowish  color,  so 
marked,  sometimes,  as  to  stain  the  clothing.  The  odor  is 
probably  due  to  the  presence  of  volatile,  odorous  compounds 
of  the  fatty  acids,  like  the  caproates,  the  valerates,  or  the 
buiyrates;  but  the  presence  of  these  principles  Las  never 
been  accurately  determined. 

>  DoxNE,  Court  de  microteapie,  Paris,  1844,  p.  207. 


CHAPTER  V. 

PHTfilOLOaiCAL    ANATOMY  OF  THE  KIDNETB. 

Situation,  lonn,  and  size  of  the  kidne  js — Coats  of  the  kidneys — Division  of  Ha 
substance  of  the  kidneys — ^Pelvis,  calices,  and  infundibnla — ^Pjimmids— 
Cortex — Cohmms  of  Bertin — ^Pyramidal  substance — ^Pyramids  of  Ferrein— 
Tubes  of  Bellini — Cortical  substance — ^Malpighian  bodies — Convoluted 
tubes — ^Narrow  tubes  of  Henle — ^Intermediate  tubes — ^Distribution  of  blood- 
vessels in  the  kidney — ^Vessels  of  the  Malpighian  bodies — ^Plexus  around 
the  convoluted  tubes— Vans  of  the  kidney— Stars  of  Verheyn — Lym- 
phatics and  nerves  of  the  kidney — Summary  of  the  physiological  anatomy 
of  the  kidney. 

The  urine  is  generally  regarded  by  physiologists  as  the 
type  of  the  excrementitious  fluids,  it  having  no  function  to 
perform  in  the  economy,  but  being  simply  retained  in  the 
bladder  to  be  voided  at  convenient  intervals.  All  the  re 
marks,  indeed,  that  have  been  made  concerning  excretion 
in  general  may  be  applied  \^dthout  reserve  to  the  action  of 
the  kidneys ;  and  there  are  few  subjects  in  physiology  of 
greater  interest  than  the  process  of  urinary  excretion,  with 
its  relations  to  nutrition  and  disassimilation.  In  entering 
upon  the  study  of  the  functions  of  the  kidneys,  it  will  be 
found  useful  to  consider  certain  points  in  their  anatomy. 

The  kidneys  are  symmetrical  organs,  situated  beneath  the 
peritoneum  in  the  lumbar  region,  invested  by  a  proper  fibrous 
coat,  and  always  surrounded  by  more  or  less  adipose  tissue. 
They  usually  extend  from  the  eleventh  or  twelfth  rib  down- 
ward to  near  the  crest  of  the  ilium ;  and  the  right  is  always 
a  little  lower  than  the  left.     In  shape,  the  kidney  is  very 
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aptly  compared  to  a  liean ;  and  tlie  concavity,  tlie  deep,  cen- 
tral portion  of  which  is  called  the  liilum,  looks  inward 
toward  the  spinal  column.  The  weight  of  each  kidney  is 
bm  four  to  &ix  onnces,  usually  about  liaK  an  ounce  less  in 
the  female  than  in  the  male.  The  left  kidney  is  nearly 
always  a  little  heayier  than  the  ri^ht. 

Outside  of  the  proper  coat  of  the  kidney  is  a  certain 

amount  of  fatty  tissue  enclosed  in  a  loose  fihrons  gtrueture. 

This  is  sometimes  called  the  adipose  capsule ;  but  the  proper 

coat  consists  of  a  close  net-%vork  of  the  ordinary  wliite  iibrous 

tjggne,  interlaced  with  numerous  small  fibres  of  the  elastic 

pety.     This  coat  is  thin,  smooth,  and  readily  removed 

i  the  surface  of  the  organ.    At  the  hilum  it  is  continued 

I  inward  to  line  the  pelvis  of  the  kidney,  covering  the  calices 

and  blood-vessels*     This  coat,  however,  is  not  continued  into 

tlie  substance  of  the  kidney. 

Oh  making  a  longitudinal  section  of  the  kidney,  it  pre- 
sents a  cavity  at  the  hihini,  bounded  internally  by  the  dilated 
•origin  of  the  ureter.     This  is  called  the  pelvis.    It  is  lined 
fby  a  smooth  membrane,  which  is  simply  a  continuation  of 
lie  proper  coat  of  the  kidney,  and  which  fonns  httle  cylin- 
iers,  called  calices,  into  which  the  apices  of  the  pyramids  are 
eived.     Some  of  the  calices  receive  the  apex  of  a  single 
raniid,  while  others  are  larger,  and  receive  two  or  three. 
he  calices  nnite  into  three  short,  funuebehapcd  tubes,  called 
fondibula,  coiTcsponding  respectively  to  the  superior,  mid* 
le,  and  inferior  j>ortions  of  the  kidney.     These  finally  open 
ato  the  common  cavity,  or  pelvis.     The  substance  of  the 
bdney  is  composed  of  two  distinetiy-marked  portions  called 
ie  cortical,  and  the  medullary,  or  pyramidal. 

The  cortical  substance  is  reddish  and  granular,  rather 
softer  than  the  pyramidal  substance,  and  is  about  one-sixth 
of  an  inch  in  thickness.  This  occupies  the  exterior  of  the 
Kidney,  and  sends  little  prolongations  (columns  of  Bertin') 

•  BeaTi^r,  Mernoir^  pour  ^ertii'  d  Phistoire  de$  rnnt, — Jfimoint  dt  CAcadimU 
RojfiiU  da  Scitnen^  a»nie,  1744,  Pari«,  1746,  p.  77. 
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between  the  pyramids.  The  surface  of  the  kidney  is  marked 
by  little  polygonal  divi&ions,  giving  it  a  labulated  appear- 
ance. This,  however,  is  simply  due  to  the  arrangement 
of  the  superficial  blood-vesseli*.  The  medullary  gubstanee 
is  arranged  in  the  form  of  pjTamids,  sometimes  called  the 
pyramids  of  Malpighi,  from  twelve  to  fifteen  or  eighteen  ia 
number,  their  bases  presenting  toward  the  cortical  substance^ 
and  their  apices  being  receiv^ed  into  the  calices  at  the  pelvis. 
Ferrein  &u!>divided  the  pyramids  of  Malpiglu  into  smaller 
pyramids  (the  pyramids  of  Ferrein),  each  formed  by  about 
one  hundred  tubes  radiating  from  the  openings  at  the  sum- 
mit of  the  pyramids  toward  their  bases/  The  tubes  com* 
posing  these  pyramids  were  supposed  to  pass  into  the  corti- 
cal substance,  forming  corresponding  pyramids  of  convoluted 
tubes,  thus  dividing  this  portion  of  the  kidney  into  lobules, 
more  or  less  distinct.  The  mcdullaiy  substance  is  firm,  of  a 
darker  red  color  than  the  cortical  substance,  and  ia  ifiarked 
by  tolerably  distinct  stria?,  which  take  a  nearly  straight 
course  from  the  bases  to  the  apices  of  the  pjTamids.  As 
these  strice  indicate  the  direction  of  the  little  tubes  that 
constitute  tbe  gi'eatest  part  of  the  medullary  substance,  this 
is  sometimes  called  the  tubular  portion  of  the  kidney. 

There  are  few  subjects  connected  with  the  physiological 
anatomy  of  the  organism  that  proseut  greater  interest  than 
the  minute  anatomy  of  the  kidney ;  and  this  is  one  of  the 
organs  which  has  been  most  closely  and  persistently  studied 
by  anatomists.  Without  referring  in  detail  to  the  iavesti- 
gations  of  Malpighi/  whose  name  is  attached  to  the  corpus- 
cles of  the  cortical  substance,  Bellini,*  who  first  studied  the 
straight  tubes,  Feri*ein/  who  described  the  tubes  of  the  corti- 

1  Fekrkin,  Stir  la  Umeturt  de$  9%$eh€t  wmnUt  glanduleia^^t  parHcvUknmma 
§ur  ceiU  det  rtitu  et  du  fok,^Mhnoirm  de  fAectdimu  Hoifole  dm  Sei^um^  mmh, 
1749,  Paris,  1758,  p.  499,  «f  tcq. 

■  MALPiGuirs,  Opera  Omnia ^  Lond.,  168ft,  tomus  Becandiif»  DeJUnib^, 

•  BKttiKt,  Jsk^rcitaiioncii  Anatomim  dtux  «fe  Stractura  d  U$u  Jicnurti  ulddt 
GuMtiu  Orgamy^  Lugd.  BaUT.,  17  U. 

^  Op.  HL 
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cal  substance,  and  other  of  tlie  earlier  anatomists,  we  shall 
aceed  to  study  the  structure  of  the  kidney  as  it  appeara  at 
ie  present  day  from  the  researches  of  later  anatomists,  who 
have  brought  to  bear  upon  their  investigations  more  perfect 
methods  of  injection  and  the  improved  microscopes  now  in 
use.  Among  the  authors  whose  researches  have  developed 
f  the  views  now  held  by  the  best  anatomists,  may  he  men- 
tioned Henle,"  Bowman,*  Goodsir/  Miiller,*  Gerlach,*  KolH- 
ker,*  Toynbee/  Haschke,'  Isaacs,*  with  eome  quite  recent 
German  and  French  observersj  who  liavo  lately  advanced 
new  and  interestmg  views  that  have  an  important  bearing 
upon  the  mechanism  of  the  secretion  of  urine. 

The  arrangement  of  the  secreting  portion  erf  the  kidneys 
clafiseB  them  among  the  tubular  glands,  presenting  a  system 
of  tubes,  or  canals,  some  of  which  are  supposed  simply  to 
carry  off  the  urine,  while  others  separate  the  excreuientitious 
conatituenta  of  this  fluid  from  the  blood*  It  is  difficult  to 
determine  precisely  where  the  secreting  tubes  merge  into 
the  excretory  ducts,  but  it  is  the  common  idea  that  tlie  cor- 
tical substance  is  the  active  portion,  while  the  tubes  of  the 
pjnmiidal  portion  simply  conduct  away  the  excretion  J* 

*  He^tle,  TraiU  d" anatomic  ghitrale^  Pan8|  1843,  tome  IL,  p.  BOS,  H  neq.^ 
iBd  a<r  Am^omu  der  Nure^  Gotiingen,  1862. 

'  BoincA5,  Oi*  ihe  Strudure  and  Um  of  the  MalpigkUm  JBodm  oftht  Kidney. 
'^IWmphifat  Tranmidumt^  London,  1842,  p.  57,  d  seq, 

'  GooDSiitr  iMiidon  and  Edinhur^h  Mmitfily  Journal  o/  Medical  Scifnce^  Lon* 
don  tad  EiUnburgh,  1842,  p*  474. 

*  MnxLER,  Manuel  de phi/tioloffie^  Pttri^,  1851,  tome  !.»  p.  SfJ9,  et  teq. 

*  Qs]it.ACH,  Beiirc^  mtr  BtrudurUhre  der  Nien. — MGhjer's  Archiv^  1845, 
£  ITS,  in  Cakstatt's  Jahntbmii^,  KHangen,  1846,  6.  36. 

*  KuLLiEER,  Uehfr  Ftimmerh^uitffung  in  den  Prmordialnieren^  Tdein^  S.  .7(L 

*  ToTKBSS,  On  the  MinuU  Strudure  of  the  Human  Kidfie}f.^Mt.dido-Chirur' 
J¥id  TrmmaUonM,  London,  1846,  toL  xxii.,  p.  303^  d  aeq. 

*  HcscitKl,  £neyrlop6dis  amUomique^  Splanefmoio^^  Faria,  1845,  tome  y,, 
^m,d§eq, 

*  bxAca,  Reteareh^  into  tfu  Structure  and  Pk^do^^  af  the  Kidney^  and 
On  tht  Fundion  af  the  Malplghian  Badiu  of  the  Kidncij.^^Tranjuictiom  of  the 
AflB  York  Academy  of  Medicine^  "Sew  York»  1867^  voL  i.,  p»  377,  et  «eq, 

^  Todd  asi>  Bowman,  Phythlo^ical  Anatomy  and  Fhysiol^iffy  of  Man^  Fhilaf 
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Pyramidal  Substance. — Eaeli  papilla,  as  it  projects  into 
the  pelvis  of  the  kidney,  presents  from  ten  to  twenty-five 
little  openinga,  measuring  from  j^  to  ^  of  an  inch  in 
diameter.*  The  tubes  leading  from  the  pelvis  immediately 
divide  at  very  acute  angles,  generally  dichotomatously,  until 
a  bundle  of  tuhe^  arisies,  as  it  were,  from  each  opening. 
These  bundles  constitute  the  pyramids  of  Ferrcin.  In  their 
course,  the  tubes  are  sligbtly  wavy  and  nearly  parallel  with 
each  other,  Tliese  are  called  the  straight  tubes  of  the  kid- 
ney, or  the  tubes  of  BelUui.  Tliey  extend  from  the  apices 
of  the  pjTamidfi  to  their  bases,  and  pass  then  into  the  corti- 
cal substance.  The  pyranii<ls  contain,  in  addition  to  the 
straight  tubes,  a  delicate  fibrous  matrix  and  numerous  blood- 
vessels; which  latter,  for  the  most  part,  pass  beyond  the 
pyramids,  to  be  finally  distributed  in  the  cortical  substance. 
Kocent  researches  ha%'o  shown  that  some  of  the  convoluted 
tubes  dip  down  into  the  pyramids,  returning  to  the  cortical 
substance  in  the  form  of  loops.  Tliis  arrangement  will  he 
fully  described  in  connection  with  the  cortical  portion. 

The  tubes  of  the  pjTaraidal  substance  are  composed  of  a 
strong,  stnicturelefis  basement-membrane,  lined  with  granu- 
lar, nucleated  cells.  According  to  the  researches  of  Bow- 
man, the  tubes  measure  from  ^^  to  ^^ir  ^^  ^^  ^^^  ^"  diame- 
ter at  the  apices,  and  near  the  bases  of  the  pyi^amids  their 
diameter  is  about  ^^  of  an  inch.'  The  membrane  of  the 
tul>es  is  dense  and  resisting,  and  portions  of  it  with  the  epi- 
thelial lining  removed  can  generally  be  seen  in  mici*o&copical 
examinations,  when  the  pyramidal  substance  has  been  Bim- 
ply  lacerated  with  needles.  This  membrane  is  from  j  ^  ^  ^i  ^^ 
to  f  Q^flfl  of  an  inch  in  thickness,* 

The  cells  lining  the  straight  tubes  exist  in  a  single  layer 

delphia^  1857,  p.  78t>.  This  U  the  idea  adrimced  in  nearly  all  works  on  physi- 
ology, when  any  opinian  is  expressed  with  regard  to  the  relatire  aclivitjof  the 
cortical  and  the  pyramidal  portions  of  the  kidney. 

'  KOlliker,  HuTuThuch  dcr  GeiDtMthre  d€9  Mmgchm^  Letpxig,  1967,  SL  4%%* 

•  Todd  and  Bowhan,  op,  di.,  p.  793. 

*  KfjLLiKEAj  2rt€ro§eopk  Anoi^nfiy^  Lcndon,  1860|  p.  406» 
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applied  to  the  basement-membrane.    They  are  thick,  irregii- 

larly- polygonal  in  shape,  and  contain  munerous  albuminoid 

granules.   They  present  one,  and  oeea?ionaUy,  though  rarely, 

two  granular  nuclei  with  one  or  two  nucleoli.    They  are  very 

liable  to  alteration,  and  are  only  seen  in  the  normal  condi- 

lion  in  a  perfectly  fresh,  healthy  kidney.     Their  diameter  is 

about  yj^  of  an  inch.     The  caliber  of  the  tubes  i^  reduced 

hy  the  tldckness  of  their  lining  epithelimn  to  -j^  or  -g^  of  an 

inch* 

C&rtwal  Sidstancti. — In  the  cortical  portion  of  the  kid- 
ney are  found  numerous  tubes,  differing  somewhat  from  the 
tubes  of  the  pyramidal  portion  in  size  and  in  the  character 
of  their  epithelial  lining,  but  presenting  the  most  marked 
difference  in  their  direction.  Thesa  tubes  are  somewhat 
Uiger  than  the  tubes  of  pyramidal  substance,  and  are  very 
much  convoluted,  interlacing  with  each  other  inextricably 
ia  every  direction,  Scattered  pretty  uniformly  through  this 
portion  of  the  kidney,  are  rounded  or  ovoid  bodies,  about 
four  times  tiie  diameter  of  the  convoluted  tubes,  known  as 
the  MalpJghian  bodies.  At  one  time  there  was  considera- 
ble difference  of  opinion  with  regard  to  the  relation  of  these 
lN>dies  to  the  tubes ;  but  the  researehps  of  Bowman,  Isaacs, 
and  later  anatomists,  have  established,  without  doubt,  the 
&ct  that  they  are  simply  flask-like  terminal  dilatations  of 
the  tabes  themselves. 

As  the  result  of  the  researches  of  Bowman,  Goodsir,  and 
Isaacs,  the  cortical  portion  of  the  kidney  is  now  regarded  as 
presenting  a  delicate  fibrous  matrix,*  which  forms  a  sort 
rf  skeleton  for  the  support  of  the  secreting  portion  with  its 
blood-vessels.  The  tubes  of  this  portion  are  convoluted  and 
fc<)mewhnt  larger  than  the  straight  tubes,  but  are  continuous 
Mh  them,  terminating  finally  in  the  Malpighian   bodies. 

'  Tbo  fiUrous  iDiitris  of  the  kidney  w&b  first  deBcrtbcd  in  dcUU  by  Goodsir, 
Ui  1842  (/or.  ciL\  but  its  existence  wag  afterward  denied  by  audi  cruinctit  anat- 
lai  Henle,  Frerichs,  and  others,     Thia  structure  was  very  accunitely  do- 
I  by  Ifliaes  (op,  cU,)^  and  haji  since  been  fidmltted  by  mosi  oUaeirera. 
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The  researches  of  late  anatomists,  howerer,  particularly  in 
Gennanv,  have  shown  that  this  simple  view  of  the  course 
and  terminatian  of  the  tubes  of  the  cortical  6ul>stance  must 
be  soniewhat  modified ;  though  as  far  as  the  anatomy  of  the 
organ  ha8  any  bearing  upon  our  ideas  coaceruing  the  mech- 
anism of  the  Beeretion  of  urine,  tbe  views  of  physiologists 
need  undergo  no  material  change*  However  interesting  the 
subject  might  be,  it  would  be  out  of  place  to  follow  out 
critically  and  in  detail  all  tlie  recent  investigations  into  the 
anatomy  of  these  parts,  and  we  ehall  simply  describe  the 
fitructm*e,  direction,  and  relations  of  the  tubes  of  the  cortical 
substance,  as  they  appear  from  the  most  reliable  modem  in- 
vestigations. 

The  tubes  of  the  cortical  substance  present  considerable 
variations  in  size,  and  instead  of  a  single  system  continuous 
with  the  straight  tubes  and  terminating  in  the  Malpighian 
bodies,  we  can  distinguish  three  well-defined  varieties : 

1.  The  ordinary  convoluted  tubes,  directly  connected 
with  the  Malpighian  bodies.  2.  Small  tubes,  continuous 
with  the  convoluted  tubes,  dipping  down  into  the  pyraniids 
and  returning  to  the  cortical  portion  in  the  form  of  loops,  3. 
Large,  communicating  tubes,  forming  a  plexus  connecting 
tlie  diflerent  varieties  of  tubes  witli  each  other  and  finally 
with  the  straight  tnhes  of  the  pyramidal  portion. 

The  relation  of  these  tubes  can  be  better  understood  by 
reference  to  Fig.  7,  taken  from  a  re^jeut  work  by  Dr.  Cb.  F. 
Gross.*  This  represents  diagrammatically  the  course  of  a 
uriniferous  canal  in  the  human  subject.  1,  Sui'fiMje  of  a  renal 
papilla ;  2,  surface  of  the  kidney ;  3,  boundary  of  the  py- 
ramidal substance ;  a,  a,  Malpighian  corpuscles ;  ft,  J,  convo- 
luted tubes ;  Cy  c,  straight  jiortion  of  the  tubes ;  rf,  rf,  narrow 
tubes  of  Henlo ;  ^,  e^  loops ;  /,  f^  large  tubes  of  Ilenlc ; 
^,  y,  communicating  tubes,  uniting  with  several  others  to 
form  A,  a  tube  of  Bellini. 

In  tracing  out  the  course  and  the  relations  of  the  tubes. 


^  0b(M8,  Ettai  mr  la  t(n*ciur€  microKopipte  du  rtin,  Strtibourg,  1868. 
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which  recent  observations  have  shown  to  be  somewhat  in- 
tricatej  it  will  be  found  most  convenient  to  commence  with 
a  description  of  the  Malpighian  bodies,  and  follow  the  course 
of  the  tubes  from  these  bodies  to  their  eunneetiuns  with  the 
Btraiglit  tubes  of  the  pyramidal  substanoe, 

Ilalpighian  Bmiie^, — The&e  are  ovoid  or  ronnded  termi- 
nal dilatations  of  the  convolnted  tubes,  of  somewhat  variable 
Bize,  measuring  from  -yiir  ^^  rhf  ^^  ^^^  *^*^^  "^  diameter.  Thej 
are  composed  of  a  membrane  continuoiis  with  that  which 
forms  the  convolnted  tubes,  of  the  same  homogeneous  char- 
acter, but  somewliat  thicker,  measuring  about  2^^^^  of  an 
inch,  wbile  tlie  membrane  of  the  tubes  is  only  about  ^^l^^ 
of  an  inch  in  thickness.  This  sac— sometimes  called  tha 
capsule  of  Milller — encloses  a  mass  of  convoluted  blood- 
vessels, and  is  lined  with  a  layer  of  nucleated  epitbelial 
cells.  The  question  of  the  existence  of  epitheliunc  within 
the  ilrdpighiau  body  and  the  anatomical  characters  of  the 
cells  have  been  the  subject  of  considerable  discussion.  Bow- 
man, in  liis  original  essay  on  the  kidney,  makes  the  state- 
ment repeatedly  that  the  vessels  arc  bare  witbiu  the  capsule; 
and  this  has  led  some  autliors  to  suppose  that  he  did  not 
recognize  the  presence  here  of  any  epithelium  whatsoever. 
This  view  l^ivoi^  the  idea  that  the  Malpighian  bodies  sepa- 
rate only  water  from  the  blood,  and  that  the  cells  lining  the 
convoluted  tubes  secrete  tine  solid  principles  of  the  urine. 
BowHian  has  never  denied  the  existence  of  epithelium  within 
the  capsule,  but  be  regards  it  as  of  a  difierent  character  from 
that  lining  the  tulies.  His  statement  with  regard  tu  it  is  as 
follows:  **The  epithelium  is  continued  in  many  cases  over 
the  whole  inner  stnfaee  of  the  capside ;  in  other  instances  I 
have  found  it  irapossilde  to  detect  the  slightest  appearance 
of  it  over  more  than  a  third  of  the  capsule,"  *  There  can 
be  no  doubt  with  regard  to  the  constant  presence  of  epithe- 
lial cells  within  the  capsule  of  the  Malpigliian  boilies,  particu- 
larly since  the  researches  of  Gcrlach,  by  whom  they  were 

I  Bowman,  op^  ci^>  p,  <M). 
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accnratelj  described  and  figured,  in  1845,*  and  the  later  eon- 
firmatory  obaervations  of  KoUiker,'  Isaacs,'  and  numerouii 
other  anatomistSp  It  only  remains  to  describe  tlie  charac- 
tere  of  the  cells  as  compared  with  those  lining  the  convo- 
liited  tubes,  and  to  ascertain  whether  they  line  the  capsule 
aloae,  or  are  also  attached  to  the  vascular  tuft. 

Bowman  believed  that  the  cells,  when  they  existed, 
simply  lined  the  capsnlcj  and  that  the  blood-reaseb  were  en- 
tirely bare;  while  Gerlach  described  cells  attached  to  the 
.Wood-vesftek,  and  Isaacs  regarded  these  cells  as  entirely  dif- 
jDt  from  those  attached  to  the  membrane.  Prom  the 
great  number  of  oteervations  made  by  Isaacs  upon  the  kid* 
iievH  of  different  animals,  there  can  ho  hardly  any  doubt 
concerning  the  correctness  of  the  latter  view  ;  for  not  only 
did  he  desicribe  minutely  the  difference  between  the  cells  of 
the  capsule  and  those  attached  to  the  tuft,  hut  he  found  that 
the  walls  of  the  cells  of  the  capsule  were  dissolved  by  dUute 
nitric  acid,  "^  while  comparatively  little  effect  was  produced 
upon  those  of  the  tuft.,  thus  showing  a  difference  in  their 
coD&titution  and  organization.'' '  We  must,  therefore,  rec- 
ognize in  the  Malpighian  body  two  varieties  of  cells,  differ- 
ing in  eize,  form,  and  situation  ;  one  variety  lining  the  cap- 
sule, and  the  other  covering  the  vascular  tufts. 

Nearly  all  observers  who  have  studied  the  anatomy  of 
Ley  practically  agree  that  the  cells  attached  to  the 
are  smaller  and  more  transparent  than  those  lining 
the  con%'oluted  tulies.  They  are  ovoid,  nucleated,  and  finely 
granular.  The  ccUb  covering  the  vessels,  however,  are  larger 
and  more  opaque,  and  resemble  the  epithelium  lining  the 
tubes.  They  measure  from  -^^  to  ytjW  *^f  ^^^  ^^^^  "^  diam- 
cler,  by  about  f-sVir  *^^  ^^  ^"^h  in  thickness. 

Tubes  of  the  Cortical  Siibsiafhee.—^oWoy^ing  out  the 
tubes  in  the  cortical  substance  from  the  Malpighian  bodies, 
we  find  first  a  short,  constricted  jjortion,  which  has  sometimes 

*  GSSX.ACI!,  op.  ^.         •  Lac.  cit         ■  Loe.  ciU         *  Isaacs,  op.  ciL^  p.  405. 
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been  called  the  neck  of  the  capsule.  Tlie  tube  soon  diUt( 
to  the  diameter  of  about  j^  of  an  inch,  when  its  course  be- 
comes exceedingly  intricate  and  convoluted.  These  are 
what  have  been  known  as  the  convoluted  tubes  of  the 
kidney*  The  membrane  of  these  tubes  is  transparent  and 
homogeneouB,  but  quite  firm  and  resisting.  It  measi] 
about  4o)q(^  of  an  inch  in  thickness.  It  is  lined  thronghoi] 
with  a  single  layer  of  rounded  or  irregularly-polygonal  ep 
thelial  cells,  from  j^Vrr  ^^  Tn\nr  *^f  ^^  ^^^^^  ^^  diameter,  &oii 
what  larger,  consequently,  than  the  cells  lining  the  straigh 
tubes.  These  cells  are  nucleated  and  usually  quite  granular. 
It  has  been  found  that  in  many  of  the  lower  ordei*3  of  an 
malsj  the  cells  lining  the  neck  of  the  capsule  are  provide 
with  ribratile  cilia.  Bowman  has  described  ciliated  ep 
thelimn  in  the  kidneys  of  reptiles,*  and  Johnson  speaks  < 
the  cilia  as  found  in  other  classes.'  Isaacs  has  observe 
feeble  movements  in  cells  from  the  kidneys  of  some  of  the 
mannnalia,*  and  it  is  possible  that  they  may  exist  in  man, 
though  their  presence  has  never  been  actually  demonstrated* 

The  course  of  the  tubes,  after  they  have  lost  the  cha 
ters  which  were  formerly  supposed  to  be  peculiar  to  the  tut 
of  the  cortical  substance,  and  their  anastomoses,  have  attracts 
much  attention  within  the  last  few  years.  It  has  been  shoi? 
by  Henlc,  and  the  most  important  points  in  bis  observation 
have  been  confirmed  by  numerous  anatomists,  that  the  coB 
voluted  tubes,  instead  of  connecting  directly  with  the  tubes 
of  tlie  pyramidal  substance,  are  continuous  with  a  system  of 
smaller  tubes,  which  pass  into  the  pyramids  in  the  form  of 
loops/ 

Harrow  Tithes  of  Ilenle. — According  to  the  most  re- 
cent observations,  the  convoluted  tubes  above  described, 

1  Op,  ciLf  p,  73. 

'  JoiTKBOjr,  C^pmdia  of  Anatomy  and  ^^Mc^^  London,  1S4T-1SI9| 
vol,  IT.,  part  L^  p.  246,  Article,  Mm, 

*  0/7.  cit,^  p*  383. 

*  Henl^  fir«t  described  looped  tubes  of  very  small  difljiietcr  projecting  to 
tbc  pyramidal  substance,  but  did  not  fully  rccognijte  the  connections  of  the 
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iftar  g  long  and  iortuoua  ramification  iu  the  cortical  su1> 
stance^  invariably  become  contiiiuousj  near  tlie  pjrainidii, 
witb  tubes  of  mneli  smaller  diameter,  which  form  loops,  ex- 
tending to  a  greater  or  less  depth  into  the  pj-ramids.    The 
loops  farmed  by  these  canals  (the  narrow  tubes  of  Henle)  are 
oearly  parallel  with  the  tubes  of  Bellini,  and  are  much  more 
numerous  near  the  bases  of  the  pyramids  than  toward  the 
apices.*     The  diameter  of  these  tubes  is  very  variable,  and 
ibey  pregent  enlargements  at  irregular  intervals  in  their 
c*)«r8e.     The  narrow  portions  are  about  Yihru  *^*f  ^"  ^^^^^  *'^ 
diameter,  and  the  wide  portions,  about  twice  this  size.     Ac- 
cording to  Gross,  this  narrow  portioa  is  never  absent,  and  is 
lined  by  gmall,  clear  cells  with  very  prominent  nucleb*    The 
wider  portions  are  lined  by  larger  granular  cells.     Near  the 
i)ftses  of  the  pyramids,  the  wide  portion  sometimes  forms  tlie 
loop;  but  near  the  apices,  the  loop  is  always  narrow.     The 
(Kfference  in  the  size  of  the  epithelium  is  such,  that  while 
tbe  diameter  of  tlie  tiil)e  is  variable,  its  caliber  remains  nearly 
uniform.      The  membrane  of  these  tubes  is  quite   thick, 
thicker,  even,  than  the  membrane  of  the  tubes  of  Bellini. 

Intcnnediaie  Tubes, — After  the  narrow  tubes  of  Heulc 
have  returned  to  the  cortical  substance,  they  communicate 
with  a  system  of  flattened,  ribbon*shapcd  canals,  measuring 
froD^  TsW  ^^  ttjW  ^^  ^^^  ^^^^  ^^  diameter,  with  excessively 
thin,  fragile  walls,  lined  by  clear  pavement-ef»ithelium. 
Tlie^e  tubes  take  an  irregular  and  somewhat  angular  course 
between  the  true  convoluted  tubes^  and  finally  empty  into 
the  branched  of  the  straight  tubes  of  Bellini,  thus  estab- 

tub<0  witli  the  brgi^  convoluted  tubes  of  the  cortical  iubstance  aod  the  tubea 
of  BqIHiu,  mB  h(*^  been  done  by  later  investigators.  An  ciCL-llent  review  of  the 
fieW9  of  Hcnle  on  this  Bubjoct  ia  g^iven  by  Gross  (/oc,  df.,  p.  fl>  rt  t^q.).  The 
eofuiectton  of  tlicsc  tubes  wiih  the  orciimiry  convoluted  tubes,  and  through  them 
wiiii  the  M^lpighiau  bodies,  haa  been  fully  estiiMidhed  by  the  very  elaborate 
researches  of  Schwcigger-SeideL    {Die  yierm  dea  Mcmchcn^  Halle,  1865,  Tftf.  ir.) 

*  Ifost  of  the  faot4  with  regard  to  these  looped  canals  we  have  recently 
bc<ti  cniblcd  to  verify  in  a  very  elegant  section  of  the  kidney  of  the  huinati 
♦tibjcct^  prepared  by  Dr.  R.  T,  Ede8»  of  Boston  Highlands,  Mass. 

•  Gboss,  op.  eii.y  p,  2fi. 
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lisliing  ft  communication  between  the  tubes  coming  fron 
the  Malj>i«^liian  bodies  and  tlie  tubes  of  the  pyramidal  sub 
stance.  They  are  called  the  intermediate  tubes,  or  th^ 
canals  of  commimicatioii.  Some  ubsenrers  have  described  . 
them  as  forming  an  anastomosing  plexus,  but  this  disposi^fl 
tion  is  not  definitely  established.  ^^ 

The  tubes  into  which  the  intermediate  canals  open  join 
with  others,  generally  two  by  two,  and  pass  in  a  nearly 
stmight  rlirection  into  the  pyramids,  where  they  continue  i 
unite  witli  eacli  other  in  their  course,  becoming,  consequentlj 
less  and  less  numerous,  until  they  open  at  the  apices  of 
pyramids  into  the  iufundibula  and  the  pelvis  of  the  kidney." 


arly 
le^d 

"J 

neyJ^ 

lood- 
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Diatrihution  of  Jilood-^easeh  in  the  Kidney, — The  blood 
vessels  of  the  kidney  present  certain  interesting  peeuliariti 
in  their  distribution,  which  have  been  very  successfully  sto 
led  by  Bowman,  Isaacs,  and  many  other  anatomists^  by  mi 
of  minute  injections  of  the  renal  arteries  and  veins.    With  the 
improved  methods  of  injection  now  employed,  their  arrange^ 
ment  can  he  readily  followed* 

The  rensd  artery,  wliich  is  quite  voluminous  in  proper^ 
tion  to  the  size  of  the  kidney,  enters  at  the  hihim,  and  divides 
into  four  branches.     By  numerous  smaller  branches  it  then 
l>enetrates  between  the  pyramids,  and  ramifies  in  the  col- 
umns of  eorticid  substance  which  occupy  the  spaces  betweei 
the  pyramids  (columns  of  Bertin),     The  main  vessels,  whi 
are  generally  two  in  number,  occupy  the  centre  of  the 
umns  of  Bertin,  sending  off  in  their  course,  at  short  interval 
regular  branches  on  either  side  tow*ard  the  pyramids,    Wh 
these  brmiches  i*each  tlie  boundary  of  the  cortical  substanc 
they  turn  upward  and  foUow  the  peripheiy  of  the  pjTami 
to  its  base.     Here  the  vessels  form  an  arched,  anastomosi 
plexus,  which  is  situated  exactly  at  the  boundary  which  se| 
arates  the  rounded  base  of  the  pyramid  from  the  corti* 
Bubstance.    This  plexus  presents  a  convexity  looking  towi 
the  cortical    substance,  and  a  concavity  toward  the  p 
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miA  It  is  so  arranged  that  the  interstices  are  just  large 
enough  to  admit  the  collections  of  tubes  that  form  the  so- 
cdled  pyramids  of  Ferrein. 

from  this  arcade  of  vesselsj  branehe&  are  given  off  in  two 
oppoeite  directions.  From  its  concavity,  numerous  small 
brandies,  measuring  at  fir&t  from  ygVir  ^^  -rh  '^^f  ^^  '^^^^^  '^^ 
diAmeter,  pass  downward  toward  the  papilla?,  giving  off 
small  ramlfieations  at  very  acute  angles,  and  becoming  re- 
duced in  size  to  about  j-^^nf  ^^  ^^  inch.  These  vessels — 
called  sometimes  the  arteriolfe  rectae — surround  t!ie  straight 
tnk's  and  pass  into  capillaries  in  the  substance  of  the  pyra- 
mk  and  at  their  apices* 

From  the  convex  surface  of  the  arterial  arcade,  nmneroiis 
branches  are  given  off  at  nearly  right  angles.  These  pass 
iato  the  cortical  substance,  breaking  up  into  a  hirgc  number 
of  little  arterial  twigs,  from  Y^h  o  to  ^j^  of  an  inch  in  diame- 
ter, which  j>enetrate  the  ITalpighian  bodies  at  a  point  oppo- 
ale  to  the  origin  of  the  convoluted  tubes.  Once  within  the 
cspsale,  the  arteriole  breaks  up  into  from  five  to  eight 
bnmehes,  which  then  divide  dichotomatously  into  yessela 
measuring  from  -jnrW  ^^  tbW  ^^  ^^  ^^^  ^^^  diameter,  ar- 
Jwiged  in  the  fonu  of  coils  and  loops,  constituting  a  dense, 
lottnded  mass  (the  ilalpighian  coil),  filling  up  the  capsule. 
These  vessels  break  up  into  capillaries  without  anastomoses. 
Their  coats  are  amorphous  and  provided  with  numerous 
^tclei  rather  shorter  than  those  found  m  the  general  capil- 
PpQr  system. 

The  blood  is  collected  from  the  vessels  of  the  Malpighian 
bodies  by  veins,  sometimes  one,  and  frequently  three  or  four, 
which  pass  out  of  the  capsule  and  fonn  a  second  capillary 
plexus  surrounding  the  conyuluted  tubes.  "When  there  is  but 
one  vein,  it  emerges  near  the  point  of  penetration  of  the 
arteriole.  The  walls  of  the  vein  are  much  more  fragile  than 
those  of  the  arteriole,  and  consec|uently,  in  ordinary  micro- 
Bcopical  preparations  of  the  cortical  substance,  the  arteriole 
15  left  attached,  while  the  veins  are  torn  off. 
78 
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TliG  ctf^ront  vessels,  immediately  after  their  emergence 
from  tlie  capsule,  break  np  into  a  very  tine  aiid  delicate 
plexus  of  eupillaries,  clusely  tsurroimding  tlio  convolated 
tubes.  These  form  a  true  plexus,  the  l:»ranches  anastomosiug 
freely  in  every  direction  ;  and  the  distribution  of  vessels  in 

tliis  part  re&emblca 
esBentiallj  the  vascu- 
lar arrangement  in 
tlie  glands  generally. 
Bowman  Las  called 
the  branches  which 
connect  together  the 
vessels  of  the  Mah 
pighian  tuft  and  the 
eapillary  plexus  sur- 
rounding the  tubes^ 
the  portal  system  of 
the  kidney.*  These 
intermediate  vessels 
form  a  coarse  plexus 
around  the  ])rolonga- 
tions  of  the  pyramids 
of  Ferreiu  into  the 
cortical  substance^ 
The  renal  or  emnl- 
iv^ointed  tubM  tnm  gent  vciH  takes  its  ori- 
Khhi^y.-Truma^^nor^  of  ttu  Ntw  YSrk  gm,  ixx  part  from  the 

if  iid/*^  1357.  voLI.,  p,  aai.)  .11  1 

capillary  plexus  sur- 
rounding the  convoluted  tubee^j  and  in  part  from  the  vessels 
distributed  in  the  pyramidal  snbatance.  A  few  branches 
come  from  vessels  in  the  envelopes  of  the  kidney,  Imt  these 
are  comparatively  unimportant.  The  jdexus  surrounding 
the  convoluted  tuljcs  empties  into  venous  radicles,  wliieh 
pass  to  the  surftice  of  the  kidney,  and  these  present  a  num- 
ber of  little  radiating  groupsj  each  converging  toward  a  cai- 

*  Bowman,  ^p,  cit^  p.  C3. 
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tral  Te»3el,  This  arrangement  gives  to  the  ressels  of  the 
fihroofl  envelope  of  the  kidney  a  iieculiar  stellate  appear- 
^<poe.  These  are  Bonietimes  called  the  stars  of  Verhejru/ 
"•lie  large  trunks  whidi  foriii  the  centres  of  the^e  stars  then 
pi88  througli  the  cortical  6ul>^taiice  to  the  rounded  bases  of 
the  pyramids,  where  they  fonn  a  vaulted  venoug  plexus  cor- 
reponding  to  tlie  arterial  plexus  already  described.  The 
vessels  distributed  upon  tlie  gtruight  tube^s  of  the  pyrauudal 
sabstance  form  a  loose  plexus  around  these  tube^,  except  at 
tte  papilte,  where  the  net- work  is  much  closer.  They  then 
l^^aa  into  the  plexus  at  the  ba^es  of  the  pyramidis  to  join  with 
the  reins  firum  the  cortical  substance.  From  this  plexus  a 
number  of  larger  trunks  arise  and  pa^s  toward  the  Iiilum 
ia  the  centre  of  the  inter-pyramidal  substance,  enveluped 
in  the  same  sheath  with  the  arteries.  Passing  thus  to  the 
|»elvis  of  the  kidney,  the  veins  converge  into  front  three 
to  four  great  branches,  wldeli  unite  to  form  the  renal,  or 
eimilgent  vein.  A  preparation  of  all  the  vessels  of  the  kid- 
neys shows  that  the  veins  are  much  more  voluminous  than 
the  arteries*' 

The  lymphatics  of  the  kidney  are  few,  and,  aceordiog  to 
Sappey,  only  exist  in  the  substance  of  the  organ,  converging 
toirani  the  hilura.  This  author  does  nut  admit  the  exist- 
ence of  enperfieial  lymphatics. 

The  nerves  are  quite  numerous,  and  are  derived  from  the 
uyhr  plexus,  their  filaments  followiug  the  artery  in  its  dis- 
tribQtion  in  the  interior  of  the  organ  and  ramitying  upon 
II16  walls  of  the  tqbsoIs. 


*  VoAXTit,  JnoUfftUe^  Leipzig,  1714,  S.  222. 

*  ta  s  recent  p«iDphlet  on  a  circuUtioa  peculiar  to  ibe  kidney  of  mummaK 
%  Fcv&cb  auUior  usufoes  to  hare  demonstrated  an  ftrrangement  of  blood - 
iTTigrti  Ui  the  eoriioal  finbstoiice  very  differeDt  from  tlidt  wliicli  we  have  de- 
nerilMd,  The  gUndolar  cbtracter  of  the  Miilplghlan  bodies  and  tbelr  connee* 
tioa  wiA  tli€  conToluted  tub^s  are  denk-d.  Tbere  is  apparently  so  Iktl*?  hnm 
for  i!ie8«  pecttUar  views,  that  it  does  not  seeto  necesftary  to  diBcusa  tbcin  in 
de£^  (ScCdCTT,  D'une  cirnMhn  du  vanp  tpidafe  au  rein  tht  animaux  v€rtel>n$ 
m^ummi/hn^  et  de  h  BkriU&n  da  unna  */u'eth  j/produU,  FariSf  1867.) 


160 


EICKETIOy- 


Summary  of  ike  Phyndo^eal  Anatomy  of  the  Kidney. 
— ^The  diviaioii  of  the  kidneys  into  the  cortical  and  pyrami- 
dal substance  is  quite  apparent  to  the  naked  eye.  The  pyra- 
mids are  distinctly  striated,  and  present,  in  this  regard,  and 
in  their  darker  color,  a  marked  difference  from  the  cortical 
Btibstance.  At  the  apex  of  each  pyramid  tliere  are  from  ten 
to  twenty-five  little  orifices,  from  ^^  to  ^  of  an  inch  in 
diameter,  which  connect  with  the  straight  tubes.  From 
these  openings  the  tubes  branch  at  a  Tery  acnte  angle^  each 
one  leading  to  a  bundle  or  system  of  straight  canals,  form- 
ing the  collections  called  the  pyramids  of  Ferrein,  The 
branches  of  these  tubes  (the  tubes  of  Bellini)  are  about  ^^ 
of  an  inch  in  diameter,  and  are  composed  of  a  structureless 
membrane  lined  by  nucleated  epithelial  cells. 

When  these  tubes  arrive  at  the  bases  of  the  pyramidB  and 
pass  into  the  cortical  substance,  they  increase  slightly  in  sixe, 
and  are  lineti  with  granular  and  rounded  celb  of  epitbeliumt 
They  then  become  excessively  convoluted,  connect  witli 
certain  other  tubes  in  their  course,  and  after  forming  loop- 
like processes  extending  into  the  p}Tamidg,  finally  terminate 
in  rounded  or  ovoid  dilatations  (tlie  Malpighian  bodies), 
These  dilated  extremities  measure  from  j\^  to  -j^  of  an  inch 
in  diameter. 

The  Malpigluan  bodies  are  composed  of  a  fibrous  capsule 
(the  capsule  of  Miiller),  and  each  one  contains  a  mass  of  con- 
voluted blood-vessels  smTounded  by  nucleated  epithelial  cells. 

The  loop-like  processes  dip  down  into  the  pyramids  and 
return  to  the  cortical  substance,  present  a  filamentous,  con- 
stricted poi'tion,  and  are  here  called  tlie  narrow  tubes  of 
Henle.  The  communicating  tubes,  which  connect  these 
canals  with  the  straight  tubes  of  the  pyramidal  substance, 
are  sometimes  called  '*  intermediate  tubes.'*  They  are  flat- 
tened or  ribbon-shaped,  with  very  delicate  walls,  and  are 
lined  by  transparent  pavement-epitheliam. 

Throughout  the  kidney  there  is  a  delicate  stroma  of 
fibrous  tissue,  in  the  meshes  of  winch  are  lodged  the  blood* 
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ves.*ek»  the  straight  tubes  of  the  pyramidal  Bulifltance,  and 
the  tnbes  and  Malpigbian  bodies  of  the  cortical  substance. 

The  rennl  artery  penetrates  tlie  tidiiej  at  the  liihini, 
eends  branches  between  the  pyramids^,  which  are  dL^triboted 
in  tlie  furm  of  an  arched  arterial  plexus  over  the  upper  por- 
tion and  the  bases  of  the  pyramid!*,  following  exactly  the 
boandary  between  the  pyramidal  and  the  cortical  substance. 
From  these  ve^seb,  branehea  are  given  off  both  on  the  con- 
veiity  and  the  concavity  of  the  arebe?.     Xonicroiis  small 
1/mnchetj  (arteriole  rectse)  pass  downward  along  the  straight 
tubes  toward  the  papilte^  becoming  capillary  as  they  sm*- 
rnund  the  tnbes.     Other  branches  take  an  opposite  direc- 
lioa  and  pass  into  the  cortical  enbstancc*,  breaking  np  into 
Kttle  twigs,  each  one  of  whicb  penctratet*  a  capsule  of  Mdller 
smtl  divides  in  its  interior  into  a  mass  of  looped,  convoluted 
Tfigjdfii  TrliJT  h  constitute  the  Malpigbian  coil.     The  blood 
wKSed  away  from  the  Malpighiun  bodies  by  one,  two,  or 
three  Teasels,  which  are  then  immediately  distributed  in  a 
close  plexns  around   the  tnbes  of  the  cortical  substance. 
From  this  plexus,  the  radleleft  of  t!ie  renal  vein  pass  to  the 
sarfece  of  the  kidney,  where  they  present  a  stellate  arrange- 
t,  converging  toward  scTeral  large  central  vessels  (the 
of  Terbeyn).     These  central  vessels  penetrate  the  cor- 
tical substance  and  form  an  arched  venous  plexus  over  the 
roanded  bases  of  the  pyramids.     This  plexus  also  receives  by 
ita  concave  surface  venous  branches   from  the   pyramidal 
fiub^iiDce.     The  blood  is  then  emptied  iuto  larger  veins, 
passing  between  t!ie  pyramids  in  the  same  sheath  with  the 
arteries^  to  form  the  renal  or  emulgent  vein. 


CHAPTER  VI. 

MECHANISM   OF  THE  FORMATION  AND  DISCHARaE   OF  UBINE. 

Formation  of  the  excremcntitious  constituents  of  the  urine  in  the  tissaes, 
absorption  of  these  principles  by  the  blood,  and  separation  of  them  fWrni 
the  blood  by  the  kidneys — Effects  of  removal  of  both  kidneys  from  a  Ut- 
ing  animal — Effects  of  tying  the  ureters  in  a  liying  animal — ^Extirpation  of 
one  kidney — Influence  of  blood-pressure,  the  nervous  system,  etc.,  upon 
the  secretion  of  urine — Effects  of  the  destruction  of  all  the  nerres  going 
to  the  kidneys — ^Alternation  in  the  action  of  the  kidneys  upon  the  two 
sides — Changes  in  the  composition  of  the  blood  in  passing  through  the 
kidneys — ^Physiological  anatomy  of  the  urinary  passages — ^Mechanism  of 
the  discharge  of  urine. 

The  striking  peculiarities  which  the  kidney  presents  in 
its  structure,  as  compared  with  the  true  glands,  and  the  fact 
of  the  voluntary  discharge  of  its  secretion  at  certain  inter- 
vals, would  naturally  lead  to  a  closer  study  of  the  mechanism 
of  the  production  and  discharge  of  the  urine,  than  we  have 
given  under  the  general  head  of  mechanism  of  the  formation 
of  the  excretions.  The  composition  of  the  urine,  also,  will 
be  found  to  be  exceedingly  complex,  and  its  various  ingre- 
dients bear  the  closest  relation  to  the  processes  of  nutrition 
and  disassimilation ;  all  of  which  considerations  render  it  of 
the  greatest  importance  to  ascertain  the  precise  mode  of  its 
formation,  and  to  study  all  the  conditions  by  which  this  pro- 
cess may  be  modified.  In  the  present  state  of  our  knowl- 
edge, we  must  certainly  regard  the  excremcntitious  con- 
stituents of  the  urine  as  formed  essentially  in  the  system  at 
large,  and  merely  separated  from  the  blood  by  the  kidneys ; 
and  a  consideration  of  these  effete  principles  belongs  to  the 
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Sttbject  of  nutrition.  It  remains  for  ns,  then,  iu  thia  connec- 
tion, to  treat,  in  general  terms,  of  the  way  in  which  these 
iuistanees  find  their  way  into  the  urine. 

TLe  most  important  constituent  of  the  nrine  is  urea ;  a 
crrstalli^able  nitrogenized  substance,  which  is  discharged  by 
the  ddn  as  well  as  by  the  kidneys.  This  li^is  long  been 
noQgnised  as  an  excrement itious  principle;  but  the  first 
rrations  that  gave  any  definite  idea  of  the  mechanism 
fits  production  were  made  by  Provost  and  Dumas,*  in 
8^L  At  the  time  tliese  experiments  were  made,  chemists 
were  not  able  to  detect  urea  in  the  normal  blood ;  but  Tri- 
Tojit  and  Dumas  extirpated  the  kidneys  from  living  animals 
iJogs  and  cats),  and  found  an  abundance  of  urea  in  the 
Uood,  after  certain  symptoms  of  blood-poisoning  had  been 
iu«nife§ted.  The  first  exj^riment^  were  performed  by 
removing  one  kidney  by  an  incision  in  the  lumbar  region, 
tnil  at  the  end  of  three  or  four  days,  after  the  animtd  had 
recovered  from  the  first  operation,  removing  the  other. 
After  the  second  oi>eration  the  animals  lived  for  from  five 
to  nine  days.  For  the  fii*st  two  or  three  days  there  were  no 
™ptomd  of  blood-poisoning.  Watery  discharges  from  the 
rtomach  and  intestinal  canal  occurred  after  a  few  days,  and 
finally  stupor  and  other  marked  evidences  of  nervous  dis- 
turbance supervened,  when  the  presence  of  urea  in  the  blood 
could  be  easily  determined*  These  oT^servations  were  con- 
finned  and  eartended  by  S^galas  and  Vauquelln,  in  1822,  who 
presented  to  the  French  Academy  of  Medicine  a  specimen 
rf  nitrate  of  urea  extracted  from  the  blood  of  a  dog,  taken 
fiixtv  hours  after  extiri.)ation  of  the  kidneys,  giving  its  pro- 
pOTticm  to  the  weight  of  blood  employed.*  A  few  years 
liter,  the  observations  of  Provost  and  Dumas  were  con- 


^  The  obsenrations  of  Frd-voai  and  DumAfli  S^galAS,  llArchuid,  and  othera^ 
^^  tlfeid y  beea  refeiTCd  to  (see  p.  25), 

'  S^GALUi  Sur  dm  nmtvdla  acphrimcu  rdaiivet  ma  praprUUt  midleammteutn 
*  ^«r^,  d  wr  It  gtndrt  di  mori  qui  prodmt  la  n^ix  vmi%ique,'^^tnim<d  de  ph^io* 
^  PWf,  1822,  tome  il,  p,  356. 
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firmed  in  the  human  subject.  In  this  case  nrea  was  fotrnd 
to  have  accumulated  in  the  blood  as  the  consequence  of  an 
injury  received  in  the  lumbar  region.* 

Since  that  time,  as  the  processes  lor  ths  determination 
of  urea  in  the  animal  fluids  have  been  improved,  this  sub- 
stance has  been  detected  in  minute  quantity  in  the  normal 
blood  by  Marcliand,*  Picard,'  Poisseuille  and  Gubley,*  and 
many  others,  Picard,  indeed,  carefully  estimated  and  com- 
pared the  proportions  of  urea  in  the  renal  artery  and  the 
renal  vein,  and  found  that  the  quantity  iu  the  blood  was 
dimin lulled  about  one-half  in  its  passage  through  the  kid- 
neys/ Aeeording  to  Kobin,  who  apparently  accepts  the 
results  obtained  by  Picard,  the  blood  in  the  renal  vein  con- 
tains much  less  urea,  urates,  creatine,  creatinine,  chloride 
of  sodium,  etc.,  than  the  blood  of  the  renal  artery.*  Still 
later  urea  has  been  Ibund  by  Wnrtz  to  exist  iu  the  lymph 
and  eliyle  in  larger  quantity  even  tlian  in  the  blood/ 

These  facts,  which  have  been  almost  universally  regarded 
aa  established,  have  led  physiologists  to  adopt  the  view  that 
the  peculiar  excrementitioiis  principles  found  in  the  urine 
are  not  produced  l>y  the  kidneys,  but  are  formed  in  the  sys- 
tem l>y  the  general  process  of  disassimilationj  are  taken  up 
from  tlie  tissues  by  the  blood,  either  directly  or  through  the 


*  Shiarvak,  Case  of  Mecftanical  Injur  if  to  l/te  KiJney^,  falhwed  bif  Coma; 
Sitjipre*tion  of  the  Sccrtiion  of  trtti  btj  the  Kidnff/s,  and  Absorption  of  the  Urm 
inlQ  tfte  Bhod — Recover  if. —  T/u;  Month!  if  Jimmal  of  Medical  Sdcnee^  Edmbiirgli 
and  London,  l&i8,  yoI.  viil  (Xew  Series,  vol  iL),  p.  606. 

*  MARCHAlfD,  Sur  la.  prkence  de  Vtirtc  dmts  leaanff, — Afwaies  degacietuxi  nait^ 
fwBflt,  Ptrifl,  1838^  2mc  serie,  lomc  i.»  p.  46. 

*  FlCAJin^  Dc  la  jjrtstnce  de  Vur^e  duns  k  Mfiu/,  The!^^e^  Strasbourg,  IS 56. 

*  PoiSSECiLLE  ET  GoBLEY,  Etcherchcv  sUT  Vufe*". —  Comptet  retuiut^  Parig,  1859^ 
tomo  xlix,,  p.  164j  ft  s*q,  Poisaeuille  and  Gobley  founil,  aa  a  rule,  more  uresi 
in  the  arterial  Ihcin  iu  tlic  venous  system.  Tb*j  blood  from  tlie  carotid  con- 
tained 0-225  parts  per  1000;  tlmt  from  tlio  [wHaI  vein,  0"17l ;  from  the  spicule 
rein,  0^225,  from  the  renal  veins,  0  161;  and  from  the  femoral  vein^  01 86, 

*  Op,  cit,  p.  S8. 

*  RoDtx,  Lefttnt  s^r  Im  hnmntrf^  PariB,  186'7»  p.  IIY. 
'  See  ToL  ii.,  Lymph  and  Chjle^  pp.  &20,  528. 
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lymph,  and  are  merely  Beparated  fi'oni  the  blood  iti  the  kid- 
ncjs;  and  it  has  consequently  been  pretty  generally  assumed 
tbtnearlvj  if  not  all^  the  constituents  of  the  urine  preexist 
in  the  eireulating  fluid.  There  is,  indeed,  no  well-defined 
principle  in  the  urine  that  has  not  been  aetufilly  demon- 
8teite<i  in  the  blood.  As  an  additional  argument  in  favor 
of  this  riew  of  the  meelmnism  of  the  urinary  exeretion,  it  has 
l»een  ajscertained  that  when  the  kidneys  are  interrupted  in 
ikir  function,  there  is  a  tendency  to  the  elimination  of  the 
excrementitious  principles  of  the  urine  by  t!ie  long?,  skin, 
and  alimentary  canal ;  and  that  these  matters  only  accumu- 
late in  the  blood  alter  this  vicarious  cftort  has  failed  to  effect 
their  complete  discharge. 

These  ideas  have  seemed  to  be  eo  completely  Ju&tified  by 
iactiij  that  they  haye  been  applied  to  the  mechanism  of  ex- 
cretion by  other  organs,  such  as  the  skin  and  the  liver;  but 
within  a  few  years,  tlie  older  observations  with  rcf^ard  to 
nephrotomized  animals  have  been  discredited;  and  it  has 
been  asserted,  as  the  result  of  experiment,  that  urea  and  the 
urates  do  not  accumulate  in  the  blood  alter  removal  of  the 
tidneys,  but  that  this  result  only  follows  when  both  ureters 
bve  been  tied.  Tlie  experiments  on  which  this  idea  is  based 
iiave  been  applied  mainly  to  the  patliology  of  unieiuie  intoxi- 
cution,  but  it  is  evident  that  they  bear  directly  upon  the 
mechanism  of  excretion.  It  is  not  asgumcd,  however,  that 
excrementitious  principles  are  not  formed  by  the  disassimi- 
Utioa  of  the  tissues ;  but  it  is  asserted  that  urea  and  the 
'Wes  are  produced  in  tlie  kidneys  by  a  transformation  of 
4e  excrementitious  matters,  creatine,  creatinine,  etc.,  which 
^lifit  in  the  blood.  It  is  foreign  to  our  purpose  to  discuss  in 
^^m  tlie  pathological  conditions  produced  by  the  retention 
<^f  tbeiu-inary  principles  in  the  blood  ;  and  we  shall  consider 
tlii*  question  only  so  far  as  it  bears  upon  the  physiology  of 
excretion. 

Tlie  original  experiments  of  Provost  and  Dumas  are  very 
strong  arguments  in  favor  of  the  view  that  has  been  so  long 
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almost  iinqiie&tioncd ;  viz.,  that  urea  is  simply  separateii 
from  the  blood  by  the  kidneys ;  but  tlie  more  recent  obser- 
ratioES  of  Bernard  and  Barreswil^  Rubin,  and  many  otbers, 
while  tbey  confirm  the  first  experiments  on  this  enbject, 
have  added  very  considerably  to  our  knowledge  of  the 
mechanism  of  ni'ffimie  poisoning  after  extirpation  of  the 
kidneys.  The  kidneys,  it  has  been  found,  can  readily  boj 
removed  from  living  aniraalsj  dogs,  cats,  rabbits,  etc.,  witb^^ 
out  any  great  distnrlmnee  immediately  following  the  opera- 
tion. Bernard  and  Ban^eswil  found  that  animalii  frou 
which  botli  kidneys  had  been  removed  did  not  uiiually  pr 
sent  any  distinctive  symptoms  for  a  day  or  two  after,  excejil 
that  they  vomited  and  passed  an  unnsnal  quantity  of  liquid 
from  the  intestinal  canal*  Dm*ing  this  poriud,  the  Wood 
never  contained  an  abnormal  quantity  of  urea ;  but  the 
contents  of  the  stomach  and  intestine  were  found  to  be 
highly  ainmoniaeul.  During  this  time,  also,  the  secretions 
from  the  stomach  and  intestines,  particularly  the  stomach, 
became  continuous,  as  well  as  increased  in  quantity.  Ani«i 
mals  operated  upon  in  this  way  usually  live  for  four  or  ti\ 
days,  and  then  die  in  coin  a  following  upon  convulsioK 
Toward  the  end  of  life,  the  secretion  of  ga.^tricand  intestina 
fluids  beciimes  arrested,  probably  from  the  imtating  etfect 
of  amraoniacal  decomposition  of  their  contents,  and  then,  and 
then  only,  urea  is  found  to  accumulate  enormously  in  the 
blood^ 

It  is  thoiiglit  by  Bernard  that  the  hypersecretion  by  the 
gastric  and  intestinal  mucous  membrane,  in  neplirotomized 
animals,  is  an  effort  on  the  ]>art  of  the  system  to  eliminat^^ 
the  urea,  which  is  decomposed  by  contact  with  these  menv^| 
branes  into  carbamate  of  ammonia.     This  view  is  sustained 
by  the  fact  that  when  urea  is  introduced  into  the  alimentai 
canal  in  living  animals,  it  disappears  almost  inimediatel; 


*  BEiwf  AM),  Liquidet  de  Por^nUmty  Pftris»  1850,  tome  il^  p.  8fl,  d  9fy,     Th< 
esspcrTments  were  first  pubMshcd  by  Beraurd  and  Baireswil  to  the  Architmffi<^ 
neraUi  de  mtdtdnt^  Farid,  1847,  toroi)  xiii.^  p.  449» 
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«^d  is  replaced  by  the  amraoiuacal  m\ts^  Consequently, 
after  removal  of  the  kidneys,  we  should  not  expect  to  find 
an  increased  quantitj  of  urea  in  the  blood,  until  its  elimina- 
tion bj  the  mucous  membrane  of  the  alimentary  canal  has 
ceased  ;  but  the  fact  that  it  then  accumnlate;^  in  hu^Q  quiyi- 
titr  cannot  be  douljted. 

The  results  obtained  by  other  experimenters  generally 
correspond  with  those  of  Bernard  and  BarreswiU.  It  has 
also  been  ascertained,  as  was  shown  by  Segalas  and  Vau- 
quelin,  that  urea  is  an  active  diuretic  when  injected  in  small 
quantity  into  the  veina  of  a  healthy  animal;''  and  that  in 
this  case  it  does  not  produce  any  ix>isonous  efteets,  but  is 
immediately  eliminated.  But  when  urea  is  injected  into 
the  vascular  eysteni  of  a  nephrotomized  animal,  it  produces 
death  in  a  very  short  time,  with  the  characteristic  symptoms 
of  uns»mic  poisoning.'  We  have  frequently  i-emoyed  both 
kidneys  from  dogs,  and  when  the  operation  is  carefully  per- 
formed, the  animals  live  for  from  three  to  five  days.  In  some 
instances  they  have  been  known  to  live  for  twelve  days  or 
even  longer,  but  death  always  takes  place  finally  with 
symptoms  of  blood-poisoning. 

The  experiments  wliich  are  supposed  to  show  that  urea 
and  the  urates  are  actually  furmed  in  the  kidneys — to  which 
we  have  already  alluded — were  made  with  the  view  of  com* 
paring  the  effects  of  removal  of  both  kidneys  with  those 
produced  by  tying  the  ureters.  According  to  the  observa- 
tions of  Oj>pler,  the  blood  contains  much  more  urea  after 
tlie  ureters  are  tied  than  after  removal  of  the  kidneys.  *  Perls 
states,  as  the  result  of  experiments  on  ral>bjt:*j  that  no  aocu- 
innlation  of  urea  in  the  muscular  substance  can  be  proved 

*  In  these  o&ses,  the  stniptoms  before  d^atb  are  precbolj  like  those  obserTed 
•fWr  fimple  removal  of  the  kidneya,  the  only  dllTerence  being,  that  tht^y  are  pro- 
ductd  more  promptly, 

^OPFLUt,  Bi'itniffe  lur  L^hrt'  von  der  £/ndimie,^Tiacnow's  Archh^  Berlin, 
lS«li  Bl  xxi.,  S.  260,  €(  9tq. 
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after  removal  of  the  kidneys ;  but  that  this  occurs  only  after 
tying  the  ureters,  and  the  quantity  seoms  to  be  greatest 
the  first  twenty-four  or  forty-eight  hours  after  the  operation,^ 
Essentially  the  &ame  re<uUs  were  obtained  by  Zalej^ky,*  wh< 
asserts  that  the  proportion  of  urea  in  the  blood  after  removi 
of  t!ie  kidneya  in  dogr^  is  about  the  same  as  in  the  normal' 
condition.     These  experiments^  wliich  are  directly  opposed 
in  their  results  to  the  well-considered  observations  of  Pre- 
vost  aud  Duraas,  Bernard  and  Barrcswil,  Segalas,  and  many 
others,  cannot  be  accepted,  unless  it  be  certain  that  all  the 
necessary  physiological  conditions  have  been  fulfilled.     In 
the  first  plaee  it  was  positively  demonstrated,  as  early  as 
18:^7,  that  urea  does  not  accumulate  in  the  blood  immediatel; 
after  removal  of  the  kidneys,  but  only  toward  the  end 
life,  aud  then  it  is  found  in  enormous  quantity.*     In  the 
ond  jjlace,  it  is  well  known  that  the  operation  of  tying  the" 
ureters  is  followed  by  an  immense  pressure  of  urine  in  the 
kidneys,  which  not  only  disturbs  the  eliminative  action  ofiH 
these  orgauSj  but  affects  most  seriously  tlie  general  fuuctionB.^* 

'  Perls,  in  Caxstatt*s  JaJtreabcrHU^  WUrzbiir^,  1865^  S.  1V4.  The  expcrl<^| 
munta  of  Perls  arc  not  sufBcienllj  extended  i*>  be  very  Hatisfttctory.  Rejectingl^l 
on©  experiment  In  wlileh  the  ammal  was  killtHl  twenty-four  hours  after  removal 
of  the  kidneys — when  no  accumulation  of  urea  could  be  expected — there  &rft^_ 
three  examinations  of  tlie  museular  flubstanee  a^er  death  from  removal  of  tti|^| 
kidney  I* ,  and  four  after  dcnth  from  tying  the  ureters.  In  an  examinatioa  after^ 
removal  of  the  kidneys,  2-32  parts  per  l/MlOof  nitrate  of  iirea  were  found;  in 
the  second,  there  were  no  crystals  in  tbe  extrfict ;  and  in  the  third  there  wci 
slight  traces  of  urea.  These  ammals  died  three  or  four  days  after  the  oj 
tion.  Five  examination 4  were  mad©  of  the  muscular  substance  in  animal 
that  diLHl  after  tying  the  urtters.  In  three  of  these  examination!*,  ureA  wj 
found  in  considerable  quuntity ;  and  in  the  remaining  two,  urea  was  prcBent 
very  small  quantity  in  one  inatance^  and  in  tbe  other,  it  is  not  stated  that  &&; 
urea  was  found.  No  examinationa  were  made  of  the  blood.  These  ex;>e! 
ments  on  tlie  aceumulation  of  urea  in  nephrotomized  animald  are  hardly  buI 
cient  to  overthrow  the  researcbea  of  Prevost  and  Dutnas,  and  others  by  wl 
their  observations  have  been  confirmed. 

'  Zaleskv,  ITnfermchttnifen  iiher  dm  unemisehen  Procett  und  du  Junction  dtr 
Xiercn^  Tiibingen,  186fi» 

*  Bern  A  no  asu  BABtisawts^  foe.  cU, 
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Since  the  influence  of  the  nervoiiB  Bjstem  upon  the  secre- 
tions  has  been  so  closely  studied,  it  is  evident  that  the  pain 
and  distnrbance  consequent  upon  the  accumulation  of  urine 
aborc  the  ligated  ureters  must  have  an  important  reflex  ac- 
tion upon  the  secretions ;  and  this  would  probably  interfere 
with  the  vicarious  elimination  of  urea  and  other  excremen- 
titioDB  principles  by  the  stomach  and  intestines.     It  is  well 
known  to  practical  physicians  that  an  arrest  of  these  secre- 
tions, in  cases  of  organic  disease  of  the  kidneys,  is  liable  to 
lie  followed  immediately  by  evidences  of  iinemia,  and  that 
grave  uneraic  sjTnptoms  are  frequently  removed  by  the  ad* 
ministration  of  remedies  that  act  promptly  and  powerfully 
the  intestinal  canat     As  additional  evidence  of  the 
disturbance  of  the  systemj  aside  from  the  mere  accu- 
mulation of  exerementitious  principles  in  the  blood,  wliicli 
must  result  from  tying  the  ureters,  we  have  the  intense  dis- 
tress and  general  prostration,  always  so  prominent  in  cases 
ot  nephritic  colic,  where  there  is  only  temporary  obstruction 
of  one  ureter*     The  pathological  condition  of  the  kidneys 

I  which  follows  the  operation  of  tyiug  the  ureters  was  observed 
by  Richerand,  many  years  ago,'  and  the  observations  of 
Oppler,  Perla,  and  Zalesky,  on  this  subject  are  not  entirely 
novel/ 
From  a  careful  review  of  the  important  facts  bearing 
upon  this  question,  there  does  not  seem  to  be  any  valid 
IprouDd  for  a  change  in  our  ideas  concerning  the  mode  of 
elimination  of  urea  and  the  other  impDrtant  excrementi- 
tioufi  constituents  of  the  urine.  There  is  every  reason  to 
^  RfCHXRAJfD  ST  Berard,  Ifouvmftx  Himen*  de  phyaiohgk^  Paria,  1833,  tome 
K  p,  142. 

Richcrftnd  noted  great  disturbjince  in  niiiin:ib,  thlrtj-six  hours  after  tvLiig 
^h  ureters.  In  a  cfti  on  which  this  operatloii  had  been  pcrfomicd,  death  took 
I>J*c«  on  th©  third  day.  **  The  kidney i*  were  swollen^  softened,  and,  as  it  were, 
oii^emted ;  all  the  organs,  all  the  humors,  and  the  blood  ItBelff  participated  in 
(l^unnoiifl  diatheais.'*    (Loc,  cit.,  p.  H3.} 

^IfiLXt-EowARDf,  Ze^nt  wr  /d/>A^<^o^>,  Paria,  1862,  tome  irlj.,  pp.  457, 
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s«i>pose  that  these  principles  are  produced  in  tlie  rarions 
tissues  and  organs  of  the  body  during  the  process  of  disassim- 
Mat  ion,  are  taken  up  by  the  blood,  and  are  simply  separated 
from  the  blood  by  the  kidneys.  There  may  be  unftiiportant 
modifications  of  some  of  these  principles  in  the  kidnejtfl 
or  ill  the  urine,  such  as  t!ic  conversion  of  a  certain  amount 
of  creatine  into  ci^eatinine,  but  the  great  mass  of  excremen* 
titious  matter  is  separated  from  the  blood  by  the  kidneys 
unchanged* 

Extirpation  of  one  kidney  from  a  living  animal  is 
necessarily  fatal*  We  have  frequently  performed  this  opera*! 
tion  as  a  elass-demonetration,  and  kept  the  animal  for  weekaf 
and  months,  without  observing  any  indications  of  disturbance  1 
in  the  eliminative  functions.  If  the  operation  be  cai'efully 
performed,  the  wound  will  generally  heal  without  any  diffi- 
culty, and  in  most  instances  the  remaining  kidney  seems 
sufficient  for  the  elimination  of  urine  for  an  indefinite  period- 
In  all  of  our  cKjierinients,  save  one,  the  animals^  killed  long 
after  the  wound  liad  healed,  never  presented  any  marked 
symptoms  of  the  retention  of  excremen titious  matters  in 
the  blood.  It  is  a  noticeable  fact,  however,  that  in  inanj^ 
instances  they  showed  a  marked  change  in  disposition,  andV 
the  appetite  became  voracious  and  unnatural.  These  ani* 
mals  would  sometimes  eat  f^ces,  the  flesh  nf  dogs,  etc., 
and,  in  short,  presented  certain  of  tlie  phenomena  so  fn 
quently  observed  after  extirpation  of  the  spleen. 

After  extirpation  of  one  kidney,  it  has  been  observed! 
that  the  remaining  kidney  iucreases  in  weight,  tluDUgh  re-' 
cent  investigations  show  that  this  is  due  mainly  to  an  in* 
crease  in  the  amount  of  blood,  lymph,  and  urinarj^  principles,^ 
and  not  to  a  new  development  of  renal  tissue.     The  earlies 
definite  exix^riments  upon  this  point  are  those  of  Yalentin^l 
who  extirpated  one  kidney,  on  eight  occasions,  in  rabbit%| 
three  of  the  observations  being  ftJly  reported.    In  one  ani- 
mal, that  lived  twenty-two  hom«,  the  weights  of  the  kidneys 
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were  as  1  to  1'28 ;  in  another,  that  lived  twenty-fonr  hoars, 
tie  weights  were  as  1  to  1*06 ;  and  in  the  third,  that  lived 
for  ei^ht  days,  the  weights  were  as  1  to  1'45,  This  m  taking 
tlie  extirpated  kidney  as  1/  Rosenstein  made  a  number  of 
observations  of  the  same  kind  on  rabbits  and  dogs,  with  the 
ftllowmg  results :  He  first  ascertained  that  the  right  kidney 
isDormally  heavier  than  the  left ;  rs  1  to  1-03;  1  to  1*05  ; 
I  to  1*08;  1  to  W2.  After  extirpation  of  one  kidney^  the 
remaining  kidney  became  heavier,  but  without  enlargement 
of  the  Malpighian  bodies  or  convoluted  tubes,  and  with  very 
slight  hypertrophy  of  the  epithelium  and  interstitial  tissue. 
He  fonndj  however,  an  excess  of  blood,  lymph,  and  urinary 
matters,* 

It  is  reasonable  to  suppose  that  Nature  has  provided,  in 
the  kidneys,  more  working  substance  than  is  absolutely  ro- 
quired  for  the  elimination  of  the  exci-ementitions  constitn^ 
enta  of  the  urine ;  and  that  even  when  one  kidney  is  re- 
moved, the  other  is  competent  to  eliminate  the  amount 
of  excrementitious  mattci'  that  is  produced,  under  ordinary 
conditions  of  the  system. 

The  exceptional  experiment  in  which  the  animal  dJeil 
ifter  extirpation  of  one  kidney  is  quite  interesting :  Oeto- 
berC,  1864,  we  removed  one  kidney  from  a  small  cur-dog, 
about  nine  months  old,  by  an  incision  in  the  lumbar  region. 
The  auioial  did  not  appear  to  sufler  from  the  operation^  and 
the  wound  healed  kindly.  The  only  marked  effects  were 
gmt  irritability  of  disposition  and  an  exaggemtcd  and  per- 
^orted  appetite.  He  would  attack  the  other  dogs  in  the 
l^Jioratory  without  provocation,  and  would  eat  with  avidity 
feces,  putrid  dog^s  fleeh,  and  articles  which  the  other  ani- 
iJialg  would  not  touch,  and  which  he  did  not  eat  before  the 
operation.     On  tlic  moi-ning  of  November  18th,  forty-three 

*  ValcttiiI,  Jy^  Fiitietionibas  ytrvorum  Cerehraliutn  et  3^em  Stftnpathetici^ 
B«nia,  1839,  p.  H8, 

'  BoeKSi3T£t5,  Uch^r  complanentdre  Ht^rtrofJik  (kr  Niire. — Archiv  Jilt 
pfAokfgitehe  Amttmi4  und  PhjMi^gie^  Berlin,  ]B71»  B4  h^,  S.  143^  ti  8eq. 
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dayfi   after  tlie  operation,  the  dog  appeared  to  he  imeasj 
cried  frequently,  and  at  12  Q^loek  went  into  conviil&ioi] 
wbich  continued  until  ^  r,  m.,  when  lie  died. 

In  one  otlier  instance,  in  "wLicli  a  dog  was  kept  for  mor 
tlian  a  year  after  extirpation  of  one  kidney,  it  was  occasion 
ally  observed  tliat  the  animal  was  rather  quiet  and  indisposed 
to  move  for  a  day  or  two,  but  this  always  passed  off,  and 
when  he  was  killed  he  wa.-^  as  well  as  before  the  operation. 

Influeiice  of  ths  JVervous  System,  Bhod-pressurej  eM 
uj}on  the  Secretion  of  Urine, — There  are  numerous  instance 
in  which  very  marked  and  sudden  modifications  in  the  action 
of  the  kidneys  take  place  under  the  influence  of  fear,  anxietjj^H 
hysteria,  etc.,  when  the  impression  must  have  been  transmiP^ 
ted  tlirough  the  nervous  system.     Although  little  is  known 
of  the  final   distribution  of  the  nerves  in  the  kidney^ 
has  been  ascertained  that  here,  as  elsewhei-Cj  filaments  froi 
the  Bympathetic  system  ramity  upon  the  walls  of  the  bl 
vessels,  and  thus  are  eapaljle  of  modifpng  the  quantity  and 
the  pressure  of  blood  in  these  organs. 

It  may  be  stated  as  a  general  proposition,  that  an  increase    ,, 
in  tlie  pressure  of  blood  in  the  kidneys  increases  the  flow  d^M 
urine ;  and  that  when  the  blood-pressure  is  lowered,  the  flo^f^ 
of  urine  is  correspondingly  diminished.     This  fact  will  in  a 
measure  account  for  the  increase  in  the  flow  of  urine  during 
digestion  ;  but  it  cannot  serve  to  explain  all  of  the  modifica- 
tions that  may  take  pLaee  in  the  action  of  the  kidneys.     The 
fact  above  stated,  altht>xigh  it  has  1>een  long  recognized 
physiologists,  has  lately  been  verj^  fidly  illustrated  liy 
experiments  of  Bernard.     This  observer  measured  the  pre 
sure  of  blood  in  the  carotid  artery  of  a  dog,  and  carefull 
noted  the  quantity  of  nrine  discharged  in  the  course  of 
minute  from  one  of  the  ureters.     Afterward,  by  tying 
two  croral,  tlie  two  brachial,  and  the  two  carotid  arteries^  ] 
increased  the  blood-pressure  about  one-!mlf,  and  the  quantit 
of  urine  discharged  in  a  minute  was  immediately  increase 
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by* little  more  than  fifty  per  cent.     In  another  animal,  ho 

dimimfihed  the  pressure  hy  talcing  blood  from  the  jugular 

reiij,  and  the  quantity  of  urine  was  immediately  refluced 

about  one-haltV      His  later  ohdervations  on    this  sulijeet 

ihwed  that  the  increase  in  the  quantity  of  urine  produced 

b;.  I  ted  pressure  of  blood  in  the  kidneys  was  capable 

ii'       _       I'lilied  through  the  nerraud  system.     In  these  ex- 

I"  uta,  the  nerve9  going  to  one  kidney  were  divided, 

winch  prnduee«l  an  increase  in  the  arterial  pressure  and  a 

wnaequent  exaggeration  in  the  quantity  of  urine  from  the 

ureter  on  that  side.     The  pressure  vras  then  farther  increased 

by  stopping  the  no8trils  of  tlie  animal.     The  quantity  of 

urine  was  incre^ised  by  this  on  the  side  on  which  the  nerves 

W  been  divideil,  bnt  the  pain  and  distress  from  want  of  air 

arreted  the  secretion  upon  the  sound  side.' 

The  precise  influence  which  special  nerves  exert  upon  the 
secretion  of  urine  has  not  yet  been  positively  ascertained. 
Some  important  facts^  however,  bearing  upon  this  euhject 
fcave  been  developed  of  late  years.     In  his  interesting  and 
Hovel  experiments  upon  artificiul  diabet-es  in  animals,  Ber- 
nard found  that  when  irritation  was  applied  to  the  floor  of 
the  fourth  ventricle,  in  the  median  line,  exactly  in  the  mid- 
<ileof  the  space  comprised  between  the  origin  of  the  pneu- 
tt»<?ga6tric3  and  the  auditory  nerves,  the  urine  was  increased 
Id  quantity  and  became  strongly  saccharine.    When  the  irri- 
tation was  applied  a  little  above  this  point,  the  urine  was  sim- 
ply increased  in  quantity,  but  contained  no  sugar ;  and  when 
the  puncture  was  made  a  little  !»elow,  sugar  appeared  in  the 
tiriiie,  without  any  increase  in  the  quantity  of  the  secretion.' 
It  has  also  been  observed  that  section  of  the  spinal  cord  in 
the  upper  part  of  the  dorsal  region  arrests,  fur  a  time,  the 
secretion  of  urine.* 

*  Ban  AST,  JJqtifd«9  de  Vor^nifme^  Piria^  1859»  tome  il,  p.  155. 

*  rnpoblidied  lectured  deliTercd  it  the  College  of  Franco  in  the  Siunmer 
of  ]§>5K 

■  BiKJiiJLD,  i>f»fui  tie  phwit>f^>^  tsTjierimerUale^  Paris,  1865,  p*  830. 

*  BuuTAJtD,  Unpubliftbed  lectures^  IMU 
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Bernard,  in  following  out  his  ideas  with  r^ard  to  the 
meclianiBm  of  Becretion,  supposes  tliat  there  are  oertain 
nerves  derived  from  the  sympatlietic  system,  the  galvaniza- 
tion of  which  will  arrest  the  flow  of  tiriue ;  and  othere,  be- 
longing to  the  cerebro-spinal  system ,  called  by  him  the 
motor  nerves  of  the  gland,  which,  when  galvanize<3,  should 
increase  the  flow  of  urine ;  bnt  the  kidney,  unlike  the  true 
glandular  organs,  will  continue  to  secrete  for  a  time  when 
removed  from  all  nervous  influence.  Tie  has  divided  the 
sympathetic!  nerves  that  penetrate  with  the  blood-vessels 
at  the  liilum,  and  galvanized  themj  producing  an  arrest  of 
secretion  during  the  entire  period  of  the  galvanization.* 
With  regard  to  the  determination  of  the  motor  nerve  of  the 
kidney,  the  experiments  are  not  so  satisfactory ;  and  while 
there  may  be  nerves  oapable  of  exciting  the  secretion  of 
urine,  analogous  to  the  motor  nerves  of  the  salivary  glands, 
thiii  has  never  been  actually  demonstrated. 

The  final  eflect  of  division  of  all  the  nerves  going  to  the 
kidney  is  very  curious.  The  immediate  efl'ect  of  destrnetion 
of  tliese  nerves  is  to  increase  largely  the  amount  of  blood 
sent  to  tlio  kidney,  the  organ  then  pulsating  like  an  aneuris- 
mal  tumor.  In  experiments  on  this  subject  by  Miiller  and 
Peipers,  the  flow  of  urine  was  sometimes  arrested  by  divi- 
Bion  of  tliuse  nerves,  but  oecasionally  it  continued.  In  these 
observations,  the  nerves  were  destroyed  by  applying  a  liga- 
ture tightly  to  the  vessels  as  they  enter  at  the  hilura,  includ* 
ing  every  thing  but  the  ureter.  The  ligature  was  then 
loosened,  so  as  to  admit  the  blood,  but  the  nerves  were 
liruiscd  and  destroyed.'  We  have  just  referred  to  the 
observations  of  Bernard,  in  which  the  flow  of  nrine  was 
temporarily  increased  by  this  ojDeration,  The  secretion 
of  urine  continues,  however,  for  only  a  fevr  houi^.  It  then 
ceases,  and  the  nutrition  of  the  kidney  becomes  profound- 
ly afiected,  its  tissue  brealcing  do^vn  into  a  putrid,  semi- 

'  BKRNARn,  Llquiih9  de  torffanitme^  Paris^  1859|  tome  ii.,  p»  103, 
)  MuKLLER,  Manuel  de  p/tj^iioloffie^  Paris,  1851,  tome  i.,  p.  301. 
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Md  mass,  which  probably  enters  the  blood  and  is  the  came 
of  death. 

The  other  physiological  conditions  that  affect  the  urinary 
excretion  inflnence  the  composition  of  the  urine  and  the 
qnantity  of  excrementitious  matters  separated  by  the  kid- 
aeys^  These  vnW  be  more  appropriately  considered  nnder 
tliehead  of  nutrition  and  disassimilation.  It  is  sufficient  to 
remark,  in  this  connectionj  that  during  digestiouj  when  the 
oomposition  of  the  blood  is  modified  by  the  absorption  of 
nntritive  matters,  the  quantity  of  urine  is  usually  increased, 
liis  is  particularly  marked  when  a  large  amount  of  liquid 
M  tikken.  There  are  certain  modifications  due  to  the  con- 
dition of  the  blood  in  diseafic,  but  the&e  do  not  l>eIotig  to 
tie  subject  of  phyjsiology.  The  same  may  be  said  of  the 
fcllmiuation  of  foreign  mattei*8  introduced  into  the  circula- 
tion, and  the  excretion  of  sugar  by  the  kidneys  when  this 
Bubstonce  is  produced  in  the  Bystem  in  excess. 

The  prompt  separation  of  certain  matters  fi^om  the  blood 
hy  the  kidneys  has  been  illustrated  by  experiments  upon  ani- 
mals, and  by  observations  on  the  human  subject  in  cases  of 
extroversion  of  the  bladder,  in  which  t!ie  urine  could  l)e  im- 
mediately collected  as  it  flowed  from  the  ureters.  In  a  case 
of  tills  kind  observed  by  Erichsen,  the  ferrocyanide  of  potas- 
sium taken  into  the  stomach  after  a  fast  of  eleven  hours 
appe^^  in  the  urine  in  one  minute.  In  tliis  case,  numer- 
(ras  experiments  were  made  with  other  articles,  which  it  is 
oaiiiece^sary  to  follow  out  in  detail.* 

As  the  excrementitious  principles  eliminated  by  the  kid- 
neji  are  being  constantly  produced  in  the  tissues  by  the 
process  of  disassimilation,  the  formation  of  urine  is  constant ; 
presenting,  in  this  regard,  a  marked  contrast  w^ith  the  inter- 
aiittent  flow  of  most  of  the  secretions  proper,  as  distinguished 

*  EmnS8K9C,  OUeriHiiion9  and  ErperimeniM  on  Ihs  J^apidih/  of  fhf  PaE*ag€  of 
lone  Fprm^  SaUlantm  thro^h  the  K^dniea^  and  on  tome  PmnU  Ci>nn^fd  ftitk 
Iht  Extrdhn  of  the  Vrim. — Lan/dtm  Medied  Gtuetii^  Lonjdon,  June  27, 1815, 
Xev  Series^  toL  ii,  p.  363, 


176  ErasETKir. 

fiv/rrj  the  €;xflTetion«.  It  was  noted  bj  Erichsen,*  in  his  case 
of  eztroTT^frsioii  of  the  hladder.  and  it  has  been  fftrther  shown 
by  i^xiffiTiineJiVi  njK;n  dogs,  that  there  is  an  alternation  of 
a/rtion  uj/on  the  two  i^ides.  Bernard  exposed  the  ureters  in 
n  Jiving  animal  and  fixed  a  email  silver  tnbe  in  each,  so  that 
the  Mj^rretion  of  b^^th  kidneys  conld  be  readily  observed ;  and 
he  note^l  that  a  large  quantity  of  fluid  was  dischai^ged  from 
one  fcide  for  from  fifteen  to  thirty  minutes,  while  the  flow 
from  the  other  side  was  slight  and  in  some  instances  was 
entirely  arrested.  The  flow  then  commenced  with  activity 
UfK/n  the  otiier  side,  while  the  discharge  from  the  opposite 
ureter  was  diminished  or  arrested.*  TVe  are  already  familiar 
with  this  mode  of  action  in  the  parotid  glands.' 

(Jhanfjea  in  the  Composition  of  the  Blood  in  passing 
through  tlie  Kidneys. — Some  of  the  changes  in  the  blood  in 
itrt  ])iwrtago  through  the  kidneys  have  already  been  noted. 
The  most  important  of  these  consist  in  a  diminution  in  the 
l>r()i)orti()n  of  urea,  the  urates,  and  other  of  the  excrementi- 
tiourt  i)riii(jiplctt  found  in  the  urine.  Tliis  would  be  expected, 
iiuiHniiicli  as  these  principles  are  constantly  present  in  the 
urine,  iind  have  been  shown  to  be  derived  exclusively  from 
tlie  bh)0(l.  It  has  been  ascertained,  also,  that  the  blood  of 
tlio  renal  veins  contains  less  water  than  the  blood  of  any 
othor  part  of  the  venous  system.*  The  constant  separation 
of  water  from  the  blood  by  the  kidneys,  for  the  purpose  of 
carrying  otV  the  soluble  oxcrementitious  principles,  is  an  ex- 
planation of  this  fact.  It  was  also  observed  by  Simon,  a 
nunihor  of  years  ago,  that  the  blood  of  the  renal  veins  does 

•  KumiiiKN,  toe,  cit.y  p.  861.  In  this  case,  tho  openings  of  both  ureters 
woit»  oxpiuttnl  to  view,  anil  Erich^on  states  that  **  the  two  ureters  do  not  open 
at  the  name  time,  but  with  an  irregularly  alternating  action.'* 

•  11kknari\  rnpubli^ed  lectures  delirered  at  the  College  of  France  in  the 
Suu\u\er  of  lvS(\l.  puring  the  progress  of  this  course  of  lectures,  we  had  od 
opportunity  of  olk»erving  the  alternate  action  of  the  two  kidnejs. 

•  S«H!»  Tol,  II.,  digestion,  p,  160. 

•  KoHiNt  i*<|>»ia  «ir  U4  hmntHrt^  Paris,  1S6 7^  p.  SO. 
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not  eoagulate  readily,  and  that  it  is  impossible  to  obtain 
fibrin  from  it  in  the  ordinary  way  by  stirring  with  rods/  It 
is  difficult  in  the  present  state  of  our  knowledge  to  give  any 
safefiujtory  physiological  explanation  of  this  disappearance 
of  fibrin  in  the  kidneys.  Absence  of  tilirin  has  also  been 
noted  by  Lehmann  in  the  blood  of  the  hepatic  veins.* 

Reference  has  already  been  made  to  the  researches  of 
Bernard,  showing  that  the  blood  coming  from  many  of  the 
'-  during  their  ftmetional  activity  h  but  little  darker 
irterial  blood.'     The  action  of  the  kidneys  h  constant, 
and  the  quantity  of  blood  which  they  receive  is  enormous- 
-  the  function  of  these  organs  be  disturbed,  the  blood 
,  :  ,--g  through  them  cannot  be  deoxygenated,  and  i^  con- 
sequently redj  containing  a  large  quantity  of  oxygen  and 
arerv  small  proportion  of  carbonic  acid.     This  fact  we  have 
ofteu  noted,  and  it  has  been  observed  by  all  who  have  exam- 
ined the  renal  veins  in   living  animals.     In  comparative 
auftlvtcs  for  gases  of  the  blood  of  the  renal  artery  and  vein, 
Bernard  found,  in  one  examination,  no   carbonic  acid  in 
t'itlier  s]>ecinien ;  the  proportion  of  oxygen  being  twelve 
ts  per  hundred  in  volume  lor  the  artery,  and  ten  parts 
'  the  vein.     These  observations  were  made  at  a  tempcra- 
I  of  from  50°  to  53^  Fahr.    Making  the  analyses  at  about 
temi>erature  of  the  body,  lOl'^  tf>  ILS"^,  the  quantity  of 
riiouic  acid  was  three  parts  for  the  artery  and  3'13  parts  for 
^Tein  ;  and  the  proportion  of  oxygen  was  ID'iO  parts  for 
J  artery  and  17'20  parts  for  the  vein.    When  the  secretion 
fwrine  was  an*ested  by  irritation  of  tlie  kidney,  tlie  blood 
tjecame  Idack  in  the  vein,  and  the  quantity  of  oxygen  dimin- 
ied,  with  a  corresponding  increase  in  the  proportion  of 
Irbonic  acid.* 
These  observations  show  that  during  secretion  most  of 


'Siiio5,  Animal  CltetnUtty,  Philaddpbia,  1846,  p.  178. 

'  Lm¥AX?i\  JPhfftioloffical  Chemixtri/^  VhWvuMphm^  1866^  vol.  L»  p.  819. 

•  Seepage  21. 

•  BnufUUJ,  Ziqui<!€4  de  Porffanhmt^  Pari?,  1859,  tome  ii.,  p.  160, 


178  EXCEETIOX. 

the  blood  sent  to  the  kidneys  is  for  the  purpose  of  furnishing 
water  and  the  excrementitious  principles  of  the  urine,  and 
but  little  is  used  for  ordinary  nutrition.  Secretion  appears 
to  have  no  marked  influence  upon  the  consumption  of  oxygen 
and  the  production  of  carbonic  acid. 

Physiological  Anatomy  of  the  Urinary  Passages. — The 
chief  physiological  interest  attached  to  the  anatomy  of  the 
urinary  passages  is  connected  with  the  discharge  of  the  urine 
from  the  kidneys  into  the  bladder,  and  the  process  of  mictu- 
rition ;  and  it  will  be  necessary,  consequently,  to  give  but  a 
brief  account  of  the  stnicture  of  these  parts. 

The  excretory  ducts  of  the  kidneys,  the  ureters,  commence 
each  by  a  funnel-shaped  sac,  the  pelvis,  which  is  applied  to 
the  kidney  at  the  hilum.  This  sac  presents  little  tubular 
processes,  called  calices,  into  which  the  apices  of  the  pyra- 
mids are  received.  The  ureters  themselves  are  membranous 
tubes  of  about  the  diameter  of  a  goose-quill,  becoming  much 
reduced  in  caliber  as  they  penetrate  the  coats  of  the  bladder. 
They  are  from  sixteen  to  eighteen  inches  in  length,  passing 
from  the  kidneys  to  the  bladder  behind  the  peritoneum. 
They  have  three  distinct  coats ;  an  external  coat,  composed 
of  fibrous  tissue,  the  ordinary  white  fibres  mixed  with  elas- 
tic fibres  of  the  small  variety  ;  a  middle  coat,  composed  of 
different  layers  of  non-striated  muscular  fibres ;  and  a  mucous 
coat. 

The  external  coat  requires  no  special  description.  It  is 
continued  into  the  calices  and  is  continuous  with  the  fibrous 
?oat  of  the  kidney  at  the  apices  of  the  pyramids. 

The  fibres  of  the  muscular  coat  present  two  principal 
*ayers ;  an  external  longitudinal  layer,  and  an  internal 
transverse,  or  circular  layer,  to  which  is  added  near  the 
bladder  a  layer  of  longitudinal  fibres,  internal  to  the  circu- 
lar fibres. 

The  mucous  lining  is  thin,  smooth,  and  without  any  fol- 
licular glands.     It  is  thrown  into  slight  longitudinal  folds, 
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when  the  tube  is  flaccid,  wUich  are  easilj  effaced  by  disten- 

tioiL    The  epithelium  exists  in  several  layers,  and  is  remark- 

for  the  irregnlar  shape  of  the  cells.    They  present, 

Itettally,  numerous  dark  granulations,  and  one  or  two  clear 

Bclei,  with  distinct  nucleoli.     Some  of  the  cells  are  flat- 

^  some  are  rounded,  and  some  are  caudate,  with  one  or 

olongations. 

Passing  io  the  base  of  the  bladder,  the  ureters  become 

constricted,  penetrate  the  coats  'of  this  organ  obliquely, 

^their  ojurse-in   its  walls  being  a  little  less  than  one  inch 

length.     This  valvnlar  opening  allows  the  free  passage 

'of  llie  urine  from  the  ureters,  but  compression  or  distention 

of  the  bladder  closes  the  orifices  and  renders  a  return  of  the 

fluid  impossible. 

The  bladder,  which  serves  as  a  reservoir  for  the  urine, 
ries  in  its  relations  to  the  pelvic  and  abdominal  organs 
^it  is  empty  or  more  or  less  distended.  When  perfectly 
ttpty,  it  lies  deeply  in  the  pelvic  cavity,  and  is  then  a 
aac,  of  an  iiTegularly-triangular  form.  As  it  be- 
filled,  it  assumes  a  globular  or  ovoid  form,  rises  up 
the  pelvic  cavity,  and,  when  excessively  distended,  may 
'oject  into  the  abdomen.  When  the  urine  is  voided  at  the 
ormal  intervals,  the  bladder,  when  filled,  contains  about  a 
pint  of  liquid ;  but  under  pathological  conditions,  it  may 
become  distended  so  as  to  contain  ten  or  twelve  pints,  and  in 
8omo  inatancas  of  obstruction,  it  has  been  found  to  contain 
Ba  more.  The  bladder  is  usually  more  capacious  in  the 
uale  than  in  the  male.  It  is  held  in  place  by  certain 
Qents  and  tblds  of  the  peritoneum,  w^hich  it  is  unneees- 
f  to  describe  in  this  connection,  but  which  are  so  arranged 
i  to  allow  of  the  various  changes  in  volume  and  position 
rtich  the  organ  is  liable  to  assume  under  different  degrees 
f  distention. 

The  anatomy  of  the  coats  of  the  blad<ler  possesses  a  cer- 

lin  amount  of  physiological  interest.     These  are  tliree  in 

dumber.     The  external  coat  is  simply  a  reflection  of  the 
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peritoneum,  covering  tlie  posterior  portion  completely,  from 
the  openings  of  tlie  ureters  to  the  euinmit,  about  one-third 
of  the  lateral  portion,  and  a  small  part  of  the  anterior  portion. 

The  middle,  or  muscular  coat,  consists  of  fibres  of  thsd 
non-striated  or  involuntary  variety,  arranged  in  three  toler^ 
ably  distinct  layers. 

The  external  ninscular  layer  is  composed  of  longitudinal 
fibres,  i^hich  arise  from  parts  adjaoent  to  the  neck,  and  pasaj 
anteriorly,  posteriorly,  and  laterally  over  the  organ,  so  tha 
when  they  are  contracted  they  diminish  its  capacity  cUiefij 
by  slmrtening  its  rertleal  diameter.     The  anterior  fibres  of 
this  layer  arise  from  the  body  of  the  pubis  and  the  syraphy-^ 
sis  by  tendinous  bands,  known  to  most  anatomists  as  thi 
anterior  ligaments.     These  tendinous  fibres  spread  out  oil 
the  prostate  and  are  attached  to  its  anterior  surface, 
the  fibres  on  the  anterior  surface  pass  over  the  summit  ^ 
the  bladder,  they  interlace,  and  some  of  them  are  continuom 
with  tlie  tibres  coming   from  the  posterior  surface,     Th 
posterior  fibres  arise  from  the  base  of  the  prostate,  and,  aftc 
tbrming  a  distinct  hand  an  inch  or  an  inch  and  a  quarter  in 
breadtli,  spread  out  on  the  posterior  surface  of  the  bladder.. 
The  lateral  fibres  arise  from  the  sides  of  tlie  prostate  and 
spread  out  upon  the  lateral  surfaces  of  the  1  (ladder.     In  the 
female,  the  poi^teriur  fibres  arise  from   the  dense   fibrous^ 
membrane  l)etween  tlie  neck  of  the  bladder  and  the  vagina^ 
and  tlie  lateral   fibres  frnm   the  perineal  aponeurosis,  the 
anterior  fibres  arising  from  the  pubis  as  in  the  male.     The 
fibres  of  the  external  layer  are  of  a  pinkish  hue,  being  muc 
more  highly  colored  than  the  other  layers. 

The  middle  muscnlnr  layer  is  formed  of  circular  fibres 
arranged,  on  the  anterior  surface  of  the  bladder,  in  distinc 
bands  at  right  angles  to  the  superficial  fibres.     They  ar 
thinner  and  less  strongly  marked  on  the  posterior  and  lat 
surfaces. 

The  internal  muscular  layer  is  composed  of  excessivelj 
pale  fibres  arranged  in  longitudinal  fasciculi,  tho  ant^rioij 


md  lateral  bundles  anastomosiug  witli  each  other  as  they 
tocend  toward  the  neck  of  the  Madder,  by  oh]if|ue  hands 
of  communication,  and  the  jxjsterior  bundles  interlacing  io 
ererr  direction,  forming  an  irregnlar  ]>lexus.  Ilere  they 
we  Bot  to  be  distinguished  from  the  tibres  of  the  middle 
hjen  This  arrangement  ha^  given  to  these  fibres  the  name 
of  the  plexiform  layer,  and  it  gives  to  the  interior  of  the 
liWder  its  reticnlate<l  appearance.    This  layer  is  conthmoua 

Ri  the  muBCular  fibres  of  the  urachiift,  the  nreters,  and  the 
nra. 

The  sphincter  vesicffi  is  compoBed  of  a  band  of  smooth 
fibre?,  abont  half  an  inch  in  breadth  and  one  eighth  of  an 
nich  in  thickness,  embracing  the  neck  of  t!ie  bladder  and 
tie  posterior  half  of  the  prostatic  portion  of  the  nrethra, 
TLe  tonic  contraction  of  these  fibres  prevents  the  flow  of 
urine,  and  during  the  ejaculation  of  the  seminal  fluid,  it 
plfers  an  obstruction  to  its  diseliarge  into  the  bhidder. 

It  is  seenj  from  this  arrangement  of  the  muscular  fibres 
ftf  the  bladder,  that  they  are  capable  by  tlieir  contraction  of 
ex|)€lling  the  greatcet  part  of  the  urine  when  the  spliiucter 
Kitlaxed. 

Tlie  mucous  meod>raTie  of  the  liladder  is  ^mootli,  rather 
pale,  thick,  and  loosely  adherent  to  the  f^uljmncuiiB  tissue, 
cifept  over  the  corpus  trigonum.  The  epitbelium  exists  in 
ttverul  layer&j  and  presents  the  same  diversity  in  form  that 
iioWrved  in  the  pelvis  of  the  kidney  and  the  ureters  ;  viz,, 
tie  deeper  cells  are  elongated  and  resemble  the  columnar 
^ithelinni,  while  the  cells  on  the  surface  are  flattened.  In 
the  neck  and  fundus  of  the  bladder  are  a  few  mucous 
gUmlg;  some  in  the  form  of  simple  fulHeles,  and  others 
collected  so  as  to  form  glands  of  the  simple  raceinose  variety. 

The  corpus  trigonum  is  a  triangular  bmly,  lying  just 
bcDenth  the  mucous  membrane  at  the  base  of  the  bhidder, 
«TiJ  extending  from  the  urethra  In  front  to  the  openings  of 
tlie  ureters.  It  is  composed  of  white  fibrous  tissue,  with  a 
fm  elastic  and  muscular  tibres.     At  the  opening  of  the 
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oretlira,  it  presents  a  small   projecting    fold  of   mncoua 
membrane,  which  is  soraetimea  called  the  uvula  v^i 
Over  the  whole  of  the  giirfacc  of  the  trigone,  the  umcoi 
meniljrane  is  very  closely  adherentj  and  is  never  tl 
into  folds,  even  when  the  bladder  is  entirely  empty. 

TJie  blood-vessels  going  to  the  bladder  are  ultima' 
diBtributed  to  its  mucous  membrane.  Tliey  are  not  very 
numerous,  except  at  the  fundus,  where  the  mueous  mem- 
brane is  tolerably  vascular,  L}Tniphatics  have  been  described 
as  existing  in  the  walls  of  the  bladder,  but  Sappey,  whose 
researches  in  the  lyinphatic  system  have  been  very  extended 
and  Biiccessful,  has  failed  to  demonstrate  them  in  this  situa- 
tion** The  nerves  of  the  bladder  are  derived  from  the  hypo* 
gastric  plexus. 

The  m*etbi-a  is  provided  with  ninscnlar  fibres  and  is  lin^ 
by  a  mucous  membnine,  the  anatomy  of  which  will  be  mo: 
fully  considei'ed  in  connection  w*itli  the  function  of  genera- 
tion^ In  the  female  the  epithelium  of  the  urethra  is  like 
that  of  the  bladder.  In  the  male  the  epithelial  cells  are 
small,  pale,  and  of  the  columnar  variety. 
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Mechanism  of  the  Discharge  of  Urin-e, — In  some  of  th 
lower  orders  of  animals,  in  which  the  urine  is  of  a  seraisolJ 
consistence,  the  movement  of  vibratile  cilia  in  the  uriniferoii 
tubes  probably  aids  in  the  discharge  uf  the  urine  ;  but  in  th€ 
human  Bul>jeet,  t!ie  existence,  even,  of  cilia  is  doubtful,  and  i 
the  urine  h  discharged  into  the  pelvis  of  the  kidneys  an^H 
the  ureters  by  ]ires.^ure  duo  to  the  act  of  separation  of  tli0^ 
Unid  from  the  blood.  Once  discharged  into  the  lu-eters^  the^ 
course  of  the  urine  is  determined  in  part  by  the  vis  a  ter 
and  in  part,  probaldy,  by  the  action  of  the  muscular  coati 
uf  these  canals.  Miiller  has  found  that  the  ureters  can 
made  to  undergo  a  powerful  local  contraction  upon  the  i 
plication  of  an  intense  galvanic  current;'  and  Bernard  haa^ 

'  Sappit,  Traiie  (Panatomit  defcriptivf^  Paris^  1857^  tome  iiL»  p.  51  (J. 
*  MUELLKK,  Mannd  de  phjftiologk^  Pam^  1851,  tome  I,  p.  300. 
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ihown  that  this  may  be  produced  by  galvanization  of  tlic 

^iflieriarroot  of  the  eleventh  dorsal  nerve.*     Nutwifchstand- 

[these  facts,  it  is  difBcult  to  estimate  the  araoimt  of  influ- 

ordinarily  exerted  by  peristaltic  cou  tract  ions  of  the 

[ureters;  but  when  there  is  excessive  accumulation  of  urine 

itlie  bladder,  or  when  there  is  obetniction  from  any  cause, 

JjBiieli  as  the  presence  of  a  renal  calculus,  these  contractions 

ire  probably  quite  energetic. 

When  the  urine  has  accumulated  to  a  certain  extent  in 

f  bladder,  a  peculiar  sensation  is  experienced  which  leads 

the  act  for  its  expulsion.     This  desire  to  discharge  the 

ne  is  probably  due  to  the  impression  produced  by  the 

pfetention  of  the  bladder,  and  is  conveyed  to  the  nervous 

atres  thrcmgh  the  ejinpathetic  system.     The  intervals  at 

lliich  it  is  experienced  are  exceedingly  variable.     The  urine 

\  usaally  voided  before  retiring  to  rest  and  upon  rising  in 

h  morning,  and  generally  two  or  thi*ee  times,  in  addition, 

uriog  the  day.     It  is  dependent,  however,  very  much  upon 

abit,  upon  the  quantity  of  liquids  ingested,  and  upon  the 

egree  of  activity  of  the  skin ;  the  latter  conditions  modify- 

45  the  quantity  of  urine. 

Evacuation  of  the  bladder  is  accomplished  by  the  mus- 
cular walls  of  the  organ  itself,  aided  by  contractions  of  the 
^ftphragm  and  the  abdominal  nmscles  and  certain  muscles 
riiich  operate  upon  the  urethi*a,  and  is  accompanied  by 
telaxfttion   of  the  sphincter  vesicie.     This   act   is   at   first 
oluntary,  but  once  commenced,  it  may  be  continued  by 
he  involuntary  contraction  of  the  bladder  alone.     During 
Ijtlie  first  part  of  the  process,  the  distended  bladder  is  com- 
by  the  voluntary  contraction  of  the  diaphragm  and 
U  ahJoininal  iriuscles;  and  tliis,  after  a  time,  excites  the 
[Action  of  the  bladder  itself.    A  certain  period  usually  elapses 
hen  before  the  urine  begins  to  flow,     When  the  bladder 
wiitracts,  aided  by  the  muscles  of  tlio  abdomen  and  the  dia- 

pnimbnsKed  lectures  delivered  by  Beruard  at  the  College  of  France  in  the 
P  of  1601. 
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phragm,  tlae  resistance  of  the  sphincter  id  overcome,  and 
jet  of  urine  flows  with  considerable  force  from  the  urethra. 
All  voluntary  action  may  then  cease  for  a  time,  and  the 
bladder  will  nearly  empty  itself;  but  the  force  of  the  jet 
may  at  any  time  be  considerably  increased  by  voluntary 
effort.  ^ 

It  is  a  qnestion  whether  tlia  bladder  be  capable  of  entirel^^ 
emptying  itself  by  the  action  of  its  muscnlar  walls.  That 
almost  all  the  urine  may  be  exjielled  in  this  way  in  the 
human  subject  there  can  be  no  doubt ;  and  it  has  been  shown 
by  experiments  upon  ^ome  of  the  inferior  animals  that  the 
bladder  may  be  completely  evacuated  when  it  has  been 
removed  from  the  abdominal  cavity.  This  fact  was  observe 
lung  ago  by  Magendie  in  dogs.'  In  vivisections  we  ha 
frecinently  observed  the  bladder  so  fimdy  contracted  that 
could  contain  hardly  more  than  a  few  drops  of  liquid. 

Towai*d  the  end  of  the  expulsive  act,  when  the  quantii 
of  liquid  remaining  in  the  bladder  is  slight^  the  diapl 
and  the  abdominal  muscles  are  again  called  into  action,  am 
there   is  a  convulsive,  internipted  discharge  of  the  &maU 
quantity  of  urine  that  remains.     At  this  time  the  impulse 
from  the  bladder,  and,  indeed,  the  influence  of  the  abdo 
nal  muscles  and  diajihragnij  are  very  slight,  and  the  flow 
urine  along  the  urethra  is  aided  by  the  contractions  of  i 
muscular  walls  and  tlie  action  of  some  of  the  perineal  mt 
cles,  the  "most  etiieient  being  tlie  accelerator  nrin© ;  but  wi 
all  this  muscular  action,  a  few  drops  of  urine  generally 
main  in  the  male  urethra  after  the  act  of  urination  is  accom 
plished.     The  process  of  evacuation  of  urine  in  the  female  is 
essentially  the  same  as  in  the  male,  with  the  exception  of  the 
sliglit  modifications  ilue  to  differences  in  the  direction  and 
length  of  the  urethra. 

The  movements  of  the  bladder  are  regulated  by  the  ni 
vous  system.     According  to  the  researches  of  Budge,  tho 
influence  of  the  nervous  system  operates  througli  the  sjTnpa^ 

'  MAO£!n>iE,  PrkU  elhncn*iire  de  phyiiolope^  Parig,  1830,  tome  il,  p.  486, 
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tlieticj  and  he  has  described  a  centre  in  the  spinal  cord, 
whiei  presides  over  the  contractions  of  the  lower  part  of  the 
iiitestmal  canal,  the  bladder,  and  the  vasa  deferentia,  Tliis 
lie  calls  the  genito-spinal  centre,  and  ho  has  located  it,  in  ex- 
ftmineuts  upon  rabbits,  in  the  spinal  cord  opposite  to  the 
faurth  lumbar  vertebra.  From  this  centre  the  nervous  fila- 
ments pasa  through  the  sympathetic  nerve  which  commmii- 
cateswith  the  ganglion  corresponding  to  the  fifth  lumbar 
vertebra.*  These  experiments  have  been  somewhat  extended 
bvM,  Giannu2zi,  who  operated  upon  dogs.  The  location 
of  A  centre  in  the  spinal  cord  somewhere  in  the  lumbar  r^ 
gion  was  confirmed,  and  it  was  further  ascertained  tliat 
certain  filaments  passed  to  the  bladder  from  a  point  corre- 
sjHinding  to  the  third  lumbar  vertebra,  going  through  the 
mesenteric  ganglia,  to  form  part  of  the  hvpogastric  plexus. 
Xen-ous  filaments  also  passed  directly  to  the  bladder  from  a 
point  in  the  spinal  cord  opposite  the  fifth  lumbar  vertebra. 
IVTien  the  spinal  cord  at  these  points  was  irritated  with  the 
point  of  a  needle,  contraction  of  t!ie  muscular  walls  of  the 
blailder  was  produced;  but  this  result  did  not  follow  when 
the  irritation  was  applied  to  the  cord  after  division  of  the 
tierves  above  mentioned.* 

'  fimas,  Ltkrbuek  d$r  ^edeUm  Phjf$i^c^  de»  Mtmchen,  Leipzig,  1862, 


;i,  I^hereAei  pAytiolofftqucs  rur  lea  ntrfi  motcun  de  la  ves$ie,^ 
\^di  la  phydolof^itf  Paria,  1863»  tome  tL,  p.  29. 
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Ocueml  phyaic&l  properties  of  tbo  urine — Quantltr,  specific  graHtr,  and  feieti<| 
— CompoflJtion  of  the  nnne — Urea — Origin  of  urcfa — Conipoimd3  of  ' 
ftciJ— Bippurates  and  lactai^'fl — CreatitiG  and  creatinine — Oxalate  of  Ume-^ 
XantlLLQc — Fattj  m/itters — Inorganic  cocstltucDta  of  the  urine — ^Chlorides 
— Sulphates  —  Phosphat4iB  —  Coloriug  matter  and  mucus  —  G&sed  of  the 
urine — Variations  in  the  compoaition  of  tlie  uriiio — Variatiooa  with  ftge  mad 
sex— Turiations  at  different  BeaBOus  and  ut  dtfTiTent  periods  of  the  dar — 
Variationa  produced  by  food — Urina  potu^,  uriua  cibi^  and  urina  dftnguima 
— Influence  of  muscular  ererciaa — Influence  of  mental  exertion, 

TitE  importance  of  an  exact  knowledge  of  tli©  properties 
and  composition  of  the  urine  lias  long  been  recognized  by 
pbysitilogbts  ;  and  our  literature  is  full  of  obser stations,  mora 
or  lest;  valuable,  upon  this  subject,  dating  from  the  discov( 
of  urea  by  Hillaire  Eouellcj*  in  tbe  latter  part  of  the  la 
century,  to  tbe  present  time.  It  is  impossible,  however,  to 
follow  out  in  detail  even  the  most  important  of  the  chemical 
researcbcB  upon  tbe  different  urinary  constituents,  without 
exceeding  tlie  limits  of  pure  bnmau  pliysiolugy ;  and  the  oh- 
servations  of  the  earlier  antliors,  Scheele,  Bergmann,  Cruick- 
Bbank,*  Fourcroy,  Vauquelin,  Prout,  and  many  others,  have 

^  MiLNK-EuwARDS,  Le^tn  ttnr  la  ph^n*)lt)ffie^  pAria^  !8fl2,  tome  vii.,  p*  3 
This  autlior  gWea  a  very  full  account  of  the  earlier  chemical  researched  into 
compositiou  of  the  urine,  which  resulted  in  a  description  of  tbe  properties  of 
urea.  The  observaticms  of  Bouellts  were  quite  imperfcel ;  but  the  more  elabo- 
rate rcseaiThea  of  Schecle,  Bcr^ann,  and  otlieri,  which  will  be  cited  farther  on, 
giive  a  pretty  correct  idea  of  ihc  chemical  characters  of  thia  important  cicrelion. 

'  Cruickshank  waa  the  first  to  describe  tbo  formation  of  crystals  of  tbe 
nitrate  of  urea,    lie  added  to  the  ooncentmtod  urine  an  equal  bulk  of  nitroua  (f] 
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now  little  more  than  an  Listorical  interest.  Bat  this  can 
Imrdly  be  said  of  the  analysis  by  Berzelius,  made  early  in  the 
prcsient  century ;  for  even  in  recent  authoritative  works  ujion 
|>lipiology,  these  are  quoted  as  the  most  elaborate  and  relia* 
bteof  the  quantitative  examinations  of  the  renal  excretion/ 
In  treating  of  thi(5  subject,  we  propose  to  give  simply  the 
ctieraistry  of  the  urine  as  it  is  understood  at  the  proi^ent  day, 
dwelling  particularly  upon  its  relations  to  the  physiology  of 
nutrition  and  disassimilation.  In  doing  this  it  will  be  neccs- 
im  to  consider  carefully  the  quantity,  specific  gravity,  re- 
actioaj  etc,  of  the  urinCj  with  the  variations  observed  under 
different  physiological  conditions. 

Gm^ral  Phy»ic(d  Properties  of  t/ie  Urine. — The  color 
of  the  urine  is  very  variable  within  the  lioiits  of  health,  de- 
pending chiefly  upon  the  character  of  the  food,  the  quantity 
of  drink,  and  the  activity  of  the  skin.  As  a  rule,  the  color 
U  yellowish  or  amber,  with  more  or  less  of  a  reddish  tint. 
The  flaid  is  perfectly  tratmparent,  free  from  vi>cidity,  and 
exhale?*,  when  fii^tit  passed,  a  peculiar  aromatic  odor,  which 
is  by  no  means  disagreeable*  Soon  after  the  urine  cools,  it 
la?es  this  peculiar  odor,  and  has  the  odor  known  as  urinous. 
Thi:*  continues  until  tlie  liquid  begins  to  undergo  decompo- 
Bition.  The  color  and  odor  of  the  urine  are  usually  modified 
by  the  same  physiological  conditions,  Wlien  the  fluid  con- 
I  tains  a  relatively  large  amount  of  solid  matters,  the  color  is 
I  more  intense,  and  the  urinous  odor  more  penetrating ;  and 
^jrheu  its  quantity  is  increased  by  an  excess  of  water,  with 
^Die  low  specific  gravity,  the  color  is  pale,  and  the  odor  faint. 
The  urine  passed  in  the  morning  is  usually  more  intense  in 
color  thau  that  passed  during  the  day. 


I  md  ou  equal  weight  of  irnt^r.  This  produced  ftt  first  rioleot  elferves^ence, 
1  when  cold,  a  l^rge  quiLntliy  of  Qat,  shining  cryatali  made  tbeir  appearooce. 
»  crywUls  were  undoubtedly  nitrate  of  urea  (CnuicjtBnANK^  KrperhnetUt  on 
tTrweand  Su^ar^  In  Kollo>  C'Utxof  tfn  Diafxiig  Jfrlliiuiff  London^  H&S,  p.  441). 
*  Be£XSL(iTH,  8uUe  du  mrTtwire  sit r  la  composition  det  Jtui^  animauzr^An- 
I  d§  MtJiiie»  Parb,  18U,  tome  lixxix.,  p.  S8. 
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It  is  somewhat  difficult  to  measure  tbe  exact  temperati: 
of  the  urine  at  the  moment  of  iti^  emission.  In  some  recetii 
observations  on  this  subject^  by  Dr.  Bjasson,  in  which  a  ver 
delicrtte  tlierraometer  wua  usedj  and  extraordinary  care  wa^^ 
taken  to  prevent  any  change  in  temperatm'e  before  the  esti— ^ 
mate  was  made,  the  temperature,  under  physiological  condi — * 
tionSj  varied  but  a  small  traction  of  a  degree  from  100°  Falir.*^  ^ 
It  ia  important  to  know  the  normal  temperature  of  the  urine, 
as  it  is  liable  to  vary  very  considerably  in  certain  diseasea. 

Quantity^  Spectjio  Gra^Uy^  and  Reactwn  of  ths  Urine, 

— In  estimating  the  total  quantity  of  urine  difichargetl  in  the 
twenty-fonr  hours,  it  is  important  to  take  into  consideration 
the  specific  gravity,  as  an  indication  of  the  amount  of  sohd 
matter  excreted  by  the  kidneyt^*  We  have  already  alluded 
to  some  of  the  variations  in  quantity  constantly  occurring  in 
healthy  as  depending  upon  the  proportion  of  water  ;  but  the 
amount  of  Bolid  matters  excreted  is  usually  more  nearly  uni- 
form. It  must  also  be  taken  into  account  that  ditiereuces 
in  climate,  habits  of  life,  etc.,  in  difierent  countries,  have  an 
imi>ortant  influence  upon  the  daily  quantity  of  urine.  Dr. 
Parkes  has  collected  the  results  of  twenty-six  series  of  obser- 
vations made  in  America,  England,  France,  and  Germany, 


and  finds  the  average  daily  quantity  of  urine  in  healthy  mal^H 


adults,  between  twenty  and  forty  years  of  age,  to  be  fiftj 
two  and  a  half  fluidouiicea,  the  average  quantity  per  hour 
being  two  and  one-tenth  fluiJounces.     The  extremes  were 
thirty -five  and  eighty-one  ounces/ 

In  attempting  to  decide  the  question  whether  a  certain 
quantity  of  urine  passed  be  abnormal  or  w^ithin  the  limits  of 
health,  it  is  important  to  recognize,  if  possible,  certain  limit^J 
of  physiological  variation,  Becquerel  states  that  the  vari^H 
tions  in  the  proportion  of  water  in  the  urine  likely  to  occur 

*  Btassox^  JSwai  »ur  h  relation  qui  ezisie  d  tHai  pk^Holo^i^w  9iUr$ 
eirHtraU  el  la  tompotitioA  dei  wrinet^  Paris^  IS&S^  p.  42,  Uble. 

•  PAiucsa,  The  Composition  ofthM  JJiim^  London,  18(M),  p,  6, 
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in  health  are  between  twentj-seven  and  fifty  lluidounces ; ' 
Lut  his  average  of  tbe  total  qoatitity  in  the  twenty*fonr  hours 
•  is  only  forty-four  ounces^  which  U  rather  lower  than  the  one 
we  are  disposed  to  adopt.  The  circumstances  that  lead  to  a 
<Jiaunution  iu  the  proportion  of  water  are  u.sually  more  etH- 
cient  iti  their  operation  than  those  which  tend  to  an  increase ; 
and  the  range  below  the  healthy  standard  is  rather  wider 
than  it  is  above.  All  tliese  estimates,  however,  arc  merely 
approximative.  Assuming  that  the  usual  quantity  in  the 
male  is  about  fifty  ouuces,  itmaybestatedjin  gcnerul  terais, 
that  the  range  of  normal  variation  u  between  thirty  and 
sixty;  and  that  when  the  quantity  varies  much  from  these 
figures,  it  u  j)robahly  due  to  some  pathologieal  condition. 

According  to  the  researclies  of  Becquerel,  the  quantity 
of  water  discharged  by  the  kidneys  in  the  twenty -four  hours 
isahttle  greater  in  the  female  than  in  the  male;  but  in  the 
female  the  speciiic  gravity  is  lower,  and  the  amount  of  solid 
constituents  is  relatively  and  absolutely  less.' 

The  gpecific  gravity  of  the  urine  should  always  Ijo 
estimated  in  connection  with  the  absolute  quantity  in  the 
twenty-four  hours.  Those  who  assume  that  the  daily  quan- 
tity is  aliout  fifty  ounces  give  the  ordinary  specitic  gravity 
rflhe  mixed  urine  of  the  twenty-four  hours,  at  60°  Fahr.,  as 
aboQt  1020.  The  specific  gi*avity  is  liable  to  the  same  vari- 
Htions  at»  the  proportion  of  water,  and  the  density  is  increased 
prw:i^iy  as  the  amount  of  water  ia  diniiuL'^hed.  The  ordi- 
uanr  range  of  variation  in  specific  gravity  is  between  1015 
and  1025 ;  but  without  positively  indicating  any  pathologi- 
cal condition,  it  may  l>e  as  low  as  1005,  or  as  high  as  1030, 

The  reaction  of  the  urine  is  acid  in  the  carnivora  and 
alkaline  in  the  herbivora.  Li  the  human  subject  it  is  usually 
acid  at  tlie  moment  of  its  discharge  from  the  bladder ;  though 
at  certain  periods  of  the  day  it  ma^*  be  neutral  or  feebly 

'  fiicquEBSL  rr  Rosier,  Tratti  de  chimu  pathohjiqui  appiiqute  d  la  m^decini 
p^t^,  ParUj  18M,  p,  273. 

*  Bkoqitzbxl  XT  KoDtEE,  Op,  cU.,  p*  270,  table- 
80 
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alkaline,  depending  upon  the  character  of  the  food,    Tlie 
acidity  may  be  measured  by  carefully  neutrali^sing  the  nrine 
with  an  alkali,  in  a  solution  that  has  previously  been  gracJ-  * 
uated  witli  a  eolation  of  oxalic  acid  of  known  strength ;  and 
the  de«:ree  of  acidity  is  usually  expressed  by  calling  it  eijuir- 
alent  to  ^o  many  grains  of  crystallized  oxalic  acid. 

As  the  result  of  numerous  observations  made  by  Vogel 
and  under  his  direction,  the  total  quantity  of  acid  in  the 
urine  of  the  twenty^foiir  hours  in  a  healthy  adult  mnlr*  i; 
equal  to  frum  two  to  fimr  grammes,  or,  omitting  fractjun^ 
tliii*ty  to  sixty  grains  of  oxalic  acid.     The  hourly  quantity 
in  these  observations  was  equal,  hi  round  numl)erB,  to  from 
one  and  a  half  to  three  grains  of  acid.     The  proportion  of 
acid  was  found  to  be  very  variable  in  the  same  j»erson  at 
diflerent  periods  of  the  day.     In  one  individual,  upon  whom 
the  greatest  number  of  observations  was  made,  the  average 
hourly  quantity  of  acid  at  night  was  2*9  grains;  in  the  fore- 
noon, 2  grains;   and  iit  the  afternoon,  2*3  grains.     "In  a 
series  of  exjjeriments  made  upon  four  different  persons^  tho 
quantity  was  found  to  bo  greatest  at  night,  least  in  the  fore- 
noon, and  between  these  extremes  in  the  afternoon/'  *    The 
observations  upon  this  subject  by  Prof  Dal  ton  show  that 
the  variations  noted  by  Vogel,  in  Germany,  probably  exist 
in  this  country,  under  the  conditions  of  life  met  with  in  oivt 
large  cities.     Dr.  Dal  ton  founds  in  his  ovrn  person^  that  tlie 
maximum  of  acidity  was  at  night  and  in  the  early  morning, 
the  miinmum  being  in  the  forenoon,  and  the  mean  in  the 
afternoon  and  evening/ 

In  esti mating  the  degree  of  acidity  of  the  urine,  it  is 
necessary  to  test  the  fluid  as  soon  as  possible  after  it  is  dis- 
charged from  the  bladder;  for  its  acidity  rapidly  increases 
after  emission — until  ammoniacal  decomposition  sets  in — ^by 
the  formation  of  organic  acids,  particularly  the  lactic. 

*  NKCOAt^  AND  VooEL^  A  Guide  to  ikt  Qwjlitaiit>e  and  QuaAtUaiii^  Anof^ 
oftht  Urine^  77U  J^lno  Sydenham  Sodet*^,  London^  18G3,  pp,  296,  88(>. 

'  Daltox,  a  TVeatiseou  Human  Phifmlogtt,  Philadelphia,  1807,  p.  S35» 
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Tbere  lias  been  consicleraWe  discussion  and  difierence  of 
^pmion  among  pliyeiological  eheinists  with  regard  to  the 
caase  of  the  acid  reaction  of  the  urine.  At  the  moment  of 
iti  discharge  from  the  bladder,  it  is  distinctly,  and  even 
stfODgly  acid ;  but  it  will  not  decompose  the  carbonates,  like 
most  acid  solutions/  The  weight  of  chemical  authority  upon 
thk  point  is  in  favor  of  the  view  that  there  is  no  free  acid  in 
lb  urine  when  it  Is  lirst  passed,  although  the  lactic  acid, 
tlie  acid  lactates,  and  perhaps  Bome  other  of  tlie  organic 
adds  may  be  produced  after  emission,  m  the  result  of  decom- 
position ;  but  nearly  all  authors  agree  that  it  contains  the 
icid  phosphate  of  eoda.  The  phosphates  exist  in  the  fluids 
of  the  body  in  at  least  three  different  conditions.  The  basic 
pluiispbate  of  soda,  for  example,  possesses  three  atoms  of  the 
base,  and  has  an  alkaline  reaction.  In  contact  with  carbonic 
md^  tliis  salt  may  lose  one  atom  of  the  base,  forming  the  car* 
Wnate  of  soda  and  what  is  called  the  neutral  phosphate,  the 
ktter,  however,  having  a  feebly  alkaline  reaction.  In  contact 
with  uric  acid,  the  neutral  phosphato  may  lose  still  another 
alom  of  base,  forming  the  urate  of  soda  and  the  acid  phos- 
phate; and  according  to  Xeubauer  and  Vogel,"  Kobin,'  and 
otkw^  it  is  in  this  form  that  it  exists  in  the  urine,  and  tho 
Itmenca  of  tliis  salt  is  tlte  cause  of  its  acidity.  The  acid 
piioephate  of  soda  may  or  may  not  be  a&sociated,  in  the  hu- 
man subject,  with  the  acid  phosphate  of  lime,  which  ordi- 
narily gives  the  intensely  acid  reaction  to  the  urine  of  the 
camirora. 

Compmition  of  the  ITrine. 

L|    Regarding  the  excrementitioiis  constituents  of  the  urine 
Hp  a  measure,  to  a  certain  extent,  of  the  general  process  of 
diMaaimilation,  it  is  probably  more  important  to  recognize 
tiie  absolute  quantity  of  these  principles  discharged  in  a 

*  RoBiNi  JU^ns  *ttr  let  httmevrSt  Paris,  1S67,  p.  642. 

*  Op,  citf  i»t>.  65,  298. 
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definite  time  than  to  learn  simply  their  proportions  in  the 
urine ;  and  in  making  out  a  table  of  the  composition  of  the 
urine,  we  shall  give,  as  far  as  possible,  the  absolute  quantity 
of  its  difierent  constituents  excreted  in  twenty-four  hours. 
This  latter  point,  however,  will  be  more  elaborately  consid- 
ered in  connection  with  the  characters  of  the  individual 
excrementitious  principles  and  their  variations  under  physio- 
logical conditions.  In  compiling  this  table,  we  have  taken 
advantage  of  the  elaborate  bibliographical  and  experimental 
researches  of  Prof.  Eobin,  contained  in  his  recent  work  upon 
the  humors,*  but  have  made  some  changes  and  corrections 
in  his  list  of  urinary  constituents : 

*  R0B12C,  Lifommr  U9  AMmmr*,  Paris,  1867.  In  the  table  given  bj  Robin 
^  fMV.  ihtfTP  is  eridentlT  a  renr  serions  error  in  one  of  the  figures  giving  the 
prvfortioii  ^  water.  In  quotations  from  this  table  in  a  very  recent  French 
vork  OB  the  chemistxr  of  the  nrine,  this  error  is  corrected  (Bcroeeet,  2)e  Purinr, 

JLltbv>c^  thb  table  lepresents,  verr  nearlv,  the  latest  and  most  reliable 
«K$«rrau\His  upoa  the  relative  and  absolute  quantities  of  the  urinary  constitu- 
i^Dt:^  thotv  are  a  lev  minor  points  that  d«nand  some  explanation.  For  exam- 
ple«  KcMa  estimates  the  proportion  of  hif^Hirates  at  a  little  less  than  the  pro- 
pv*rt:>.'&  of  *^rated(v  vhile  many  writers  of  high  authority  speak  of  the  hippurates 
a>  «^voIV^^l  in  rather  Urjer  quantity  (Fakees,  The  Campomtion  of  the  Urine, 
Locdos*  I<6'\  p.  1S«  and  XKUBArcR  jlxd  Vogel,  A  Ouide  to  the  Qualiiative 
Aki*  ^Wi.'i.'-jfinr  ^liMr'y^  of  tki  Vrine^  London,  186^  p.  S3);  but  the  investi- 
«?fttloa3t  with  regarvi  to  the  daily  excretion  of  hippuric  acid  have  not  been  so 
tii^&aite  arid  ^aiis^ictory  as  thocse  on  which  the  estimates  of  the  excretion  of 
«L:rK  actd  ir^  ^a^e^i  Robm  gives^  idso«  the  pr<^M>rtion  of  creatine  as  1*4  to  2*6 
tarts  ivr  !a^\\  lad  of  crvatinine,  0*2  to  i>4  per  1,000;  and  most  authors  give 
tt  li^  uriiio  a  l*r^:er  profvrtivvi  of  creatinine.  This  difference,  however,  is 
^s-fl  vttj'v''rtiat*  iv>r»  a$  tar  45  the  process  of  excretion  is  concerned,  these  two 
^'j:  Vsa^v*  euty  Ne  iY^>nl<d  as  a  single  principle ;  creatine  being  readily  con- 
^^rvwi  vXfctT>  ocv4L:biu]ee  ia  the  unce  by  simple  decomposition.  In  our  endeavor  to 
WMkV^  tVi*  uMc  a*  vNHBfw^te  as  possible,  we  have  reduced  the  figures  given  by 
9MV  A^'V''^  to  rvtv-vt^'ttt  the  amounts  of  uric  acid,  phosphoric  acid,  sulphuric 
4ks»4  AVcis^w  ^v\.  to  the  quantity  of  the  salts  as  they  actually  exist  This  is 
>t.>v\».^\>  taM^NNruat  ia  a  wvvk  on  physiology,  for  chlorine  and  the  various 
Js^iiK  ^*«f«^  ctt^/i»i!<ciu>£  a:v  »n>i  proximate  constituents  of  the  urine,  except  when 
<,vttt>>k)9v>J^  «^)^  NjtM<k.  It  is  $UB(^y  a  matter  of  convenience  to  estimate  them 
v,y*i.-*»wN,  *^  iW  ¥«\t^'<tK*tt*  o<^  salts  are  readUy  calculated  from  the  combin- 
<'tjL  ^Kru>%V*»  'rf  ^^  jMfeo»t  <kttents. 
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Composition  of  the  Human  Urine. 

^titef  (in  2i  houre,  27  to  60  fluidoynces— Becqucrel)... . . .     t?ft7*47  to  fi40'3« 

Kft%  (in  24  hoar?,  855  to  4t;:i  grains— Robin). 15*00   "      23^00 

Trite  of  fioda,  neutral  and  acid 

Cntc  of  MumootA,  Deutral  and  acid  (in 

maD  quantity).. ,,..»,.. , » . 

*We  «vf  potAssa  <  tmcea). » 

Dnte  of  lime  (traces)* 

I  of  magnesia  (Inures). . ,  ^ 

%it  of  soda. , . 
ate  of  potassa 
Ippiirste  of  lime. . . 
»tc  of  j^oda ..... 
bcUteof  pota^sa.. 
leuttf  of  Uxoe  < « . . . 


(In  24  hrs,,  B  to 

9  grs.  of  uric  acid 

— Beccjuerel— or  t* 

to  14  grs.  of  urates, 

estimated  as  neut. 

urate  of  soda.) 

(In  24  1irs.»  about  7'5  grs.  of  hip- 

puric  acid — Thudicbtini — cquir,  to 

about  8'7  grs.  of  bippurate  of  isoda.) 


1-00 


1-uO 


(Daily  quantity  not  estimated),.         150 


vm 


1'40 


2'60 


(fn  24  faours^  about  11 '5  grains 

of  both— Tbudiebum) 1*60    *'        3*00 

Oiaktp  of  lime  (daily  quantity  not  eatimati^d) traces    '*       I'lO 

laotJimc not  ealimnted* 

liirgiriue,  oleine,  and  other  fatty  mattora 0"  10  to       0*20 

Hili^h-le  of  Bodiiim  (m  24  hours,  about  154  grains— Robin)         3'00   *'       800 

<  ?ilond<^  of  potassium , , , ,  traces. 

IfvLix >j|,„,iTrf  of  ammonia,. *. I'SO  to        2 '20 

(la  24  hrs,,  23  to  88  grs.  of  sulphu- 
ric acid — Thudichiim.      About  etiual 
'  part*  of  sulphate  of  soda  and  sulphate        S'OO  "         7'00 
f;f  poia^sa — Robin — equiv.   to   from 
22'5  to  87'5  gra.  of  each.) 
Tkoipbate  of  soda,  neutral  ^       (Dally    quantity    not    esti- 

rfc<3»phate  of  fiwla,  acid. .  J'  matetl). 250   *'       430 

RM»|>hateofmagne»ia(in24brs.,7-7ton-8grs.— Neubauer)        050   **       1*00 
iphattf  of  lime,  acid. .  \      (In  24  brs.,  4*7  to  5*7  grs.^ — 

i»pli«tc  of  hmc,  bii-sic. ,  \  Ncubaucr) 0*20    '*        1*30 

imio-ma^e&iaii  pbopphato  (daily  iinsinlity  not  e«tlnj.). .         1"50    **        2*40 
(Billy  excretion  of  phosphoric  acid»  about  5G  grs,— Thudicbnm.) 

acid 0-03    '*       004 


'  of  soda., . 
of  potaesa 
J  ijwj['riaie    of   lime 
J(i»cc«) . 


fini? J 

Hucui  (rocj  the  bladder  f 


0*10 


1,000  (W    i,oo!n>o 

(Parts  per  1,<I0<J  in  volume.) 


Qnna  &/tke  Urim, 

i|in  laiobitioa 

,  iu  solution.   (Mean  of  fifteen  observations — Moriu) 

i  icid,  in  solution 

Ptoportion  of  solid  constituents,  from  32C3  to  69*89  parts  per  1 ,000. 
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Ur€<i,  C,II,N,0,. 

As  regards  quantity,  and  probably  as  a  measure  of  llie 
activity  of  tlie  general  process  of  disassimilation,  urea  is  the 
most  important  of  the  urinary  constituents ;  and  this  sub- 
stance, with  the  changes  which  it  undergoes  in  the  urine 
and  the  mode  of  its  production  in  the  system,  has  been  most 
carefully  studied  by  physiologists.  Kegarding  the  daily  ex- 
cretion of  urea  as  a  measure  of  nutritive  force  and  physio- 
logical waste,  its  consideration  would  come  properly  imder 
the  head  of  nutrition,  in  connection  with  all  other  substances 
known  to  be  the  results  of  disassimilation ;  but  it  is  more 
convenient  to  treat  of  its  general  physiological  properties, 
and  some  of  its  variations  in  common  with  other  excremen- 
titious  principles  separated  by  the  kidneys,  in  connection 
with  the  composition  of  the  urine. 

The  formula  for  urea,  showing  the  presence  of  a  large 
proportion  of  nitrogen,  would  lead  us  to  suppose  that  it  is 
one  of  the  products  of  the  waste  of  the  nitrogenized  princi- 
ples of  the  body.  It  is  found,  under  normal  conditions,  in 
the  urine,  the  lymph  and  chyle,  the  blood,  the  sweat,  and 
the  vitreous  humor.*  Its  presence  has  lately  been  demon- 
strated also  in  the  substance  of  the  healthy  liver  in  both 
caniivorous  and  herbivorous  animals;*  and  it  has  farther 
been  shown  by  Zalesky  that  it  exists  in  minute  quantity  in 
the  muscular  juice.'  Under  pathological  conditions,  as  has 
been   already  intimated,   urea  finds  its  way  into  various 

^  MiLLON,  Presence  de  Vurl'e  dans  Vhumeur  vitrit  de  Pceif. — Annuaire  de  ehimif^ 
Paris,  1848,  p.  431.  The  discovery  of  urea  in  the  vitreous  humor  was  con- 
finned  by  Marchand  and  by  Wiihler  (Ibid.,  1849,  p.  640). 

*  The  presence  of  urea  in  the  substance  of  the  liver  in  diseased  conditions 
has  frequently  been  observed,  and  lately  its  existence  has  been  conclusively 
demonstrated  in  the  healthy  liver  by  Meissner.  (Bettrdge  zur  Kenntniss  des 
Siofficechsds  im  thkrischen  Organismus.^-Cenimlblait  fur  dit  mediciniseken  Wi^ 
tenschaften,  1868,  Xo.  18,  S.  275.) 

'  Zaleset,  Untcrsuchungen  iiber  den  Uraemischen  Process^  Tubingen,  18C5, 
Tabelle  iii. 
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tlier  floidg,  such  as  the  secretion  from  the  stomachj  the 
serous  fliiids^  etc. 

In  connection  with  the  chemical  jjropertie?  of  urea,  it  la 
ioterestiiig  to  note  that  it  is  one  of  the  few  organic  proxi- 
mate principles  that  can  be  produced  synthetically  in  the 
laboratory  of  the  chemist,*     As  early  as  1828,  WOlder  ob- 
tained Tirea  by  adding  sulphate  of  ammonia  to  a  so  hit  ion  of 
craQHte  of  potassa/    The  products  of  this  combination  are 
sulphate  of  potassa,  with  cyanic  aci J  and  ammonia  in  a  form 
to  constitute  urea.    The  cyanate  of  ammonia  is  isomeric  with 
urea,  and  the  change  is  effected  by  a  simple  rearrangement 
of  it^  elements,  the  formula  being  KII^OjC^NO  (cyanate  of 
ammoniajj  equivalent  to  CjII^N,(_),  (urea).     It  has  long  been 
faiowa  that  urea,  in  contact  w^th  certain  animal  substances, 
isroadily  convertible  into  carbonate  of  ammonia.    This  trans- 
fcnaation  is  theoretically  accomplished  by  adding  to  urea  four 
I  of  water.    C  JI,])f  ,0,  (urea)  +  4  HO  =  2  (Kn,0,CO,). 
ently  been  stated  by  Kolbc,  that  when  carbonate  of 
I  is  heated  in  sealed  tubes  to  the  temperature  at  which 
[Tca  commences  to  decompose,  it  is  converted  into  urea;'  The 
aposition  of  urea  resulting  in  the  carbonate  of  ammonia 
f  he  easily  effected  by  various  chemical  means*     As  this 
iccurs  in  the  spontaneous  decomposition  of  urea  in  the  urine 
Sind  elsewhere,  it  has  been  supposed  that  the  symptoms  of 
iWood-poisoning  following  retention  of  the  urinary  constit- 
[iients,  in  cases  of  disease  of  the  kidneys,  are   due  to  the 
MiecomjNOsition  of  the  urea  into  carbonate  of  ammonia,  and 
M  to  the  presence  of  the  urea  itself  in  the  blood.     Many 
interesting  experiments  and  obseiTations  have  been  made 
ttpon  this  subject,  but  it  is  now  pretty  generally  admitted 

*  ll  is  iot<!rcsimg,  also^  in  tliig  connection  to  rercr  to  the  e3'nthcsi8  of  another 
^thftorguuc  proxituiite  priudplea ;  viz.,  netifine,  which  has  bt<?lj  been  accom- 
P^»J^  hy  WurU  (Compie*  rmdu^,  Paria,  1S67,  toroe  Ixt.,  p.  1015), 

*  WuHLER,  6ur  la  fonnatum  ariificielU  dc  Cnr^e. — Annalet  de  thlmU  H  dt 
P^H^^,  Paris,  1826,  torae  xmtII,  p.  330. 

'  Jmtmai  o/  Anatomy  and  PhyMofoffy^  Cambridge  and  London^  18G3,  vol.  ii., 
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that  the  weight  of  evidence  is  against  the  carbonai 

ammonia  theory  of  unemia. 

Exce]>t  as  regards  tha  pmhiihle  changes  that  take  plac^e 
in  the  process  of  transformation  of  certain  constituents  of  the 
tissues  into  urea,  the  chemical  Iiistory  of  this  substance  does 
not  present  mncli  plijsiological  interest.    Urea  may  be  read- 
ily extracted  from  the  urine,  by  processes  fully  described  ia 
all  the  modern  works  upon  physiological  cliemistry ;  and  h 
proportion  may  now  he  etisily  estimated  by  the  new  mc 
ods  of  volumetric  aoal3^sis.     It  is  not  bo  easy,  however, 
separate  it  from  tlie  blood  or  the  suhetance  of  any  of  th|| 
tissues,  on  account  of  the  difficulty  in  getting  rid  of  the  othe 
organic  matters  and  the  great  fjicility  with  which  it  und'er- 
goes  decomposition. 

Wlien  perfectly  pure,  urea  crystallizes  in  the  form  of  long| 
four-sided,  colorless,  and  transparent  prisms,  which  are  wit 
out  odor,  neutral,  and   in  taste  something  like  ealtpet 
These  crystals  ure  very  solulile  in  water  and  in  alcohol,  hv 
are  entirely  insoluble  in  ether.     In  its  behaviur  to  reagent 
urea  acts  as  a  base,  combining  readily  with  certain  aei<] 
particularly  tlie  nitric  and  oxalic.     It  also  forms  combina 
tions  with  certain  salts,  such  as  the  oxide  of  mercury,  cldc 
ride  of  sodium,  etc.     It  exists  in  the  economy  in  a  state  ol^ 
watery  solution,  with  perliaps  a  stmiU  portion  of  it  modified" 
by  the  presence  of  chloride  of  sodium. 

Origin  of  Urea. — ^There  are  two  probable  sources 
urea  in  the  economy,  assuming  that  it  always  precxiBts  in 
the  blood  and  is  not  formed  in  the  kidneys.  One  of  the 
is  in  tlie  disassimilation  of  the  nitrogen ijced  constituents 
the  tissues,  and  the  other  in  a  transformation  in  the  blc 
of  an  excess  of  the  nitrogenizcd  elements  of  food.  Urea, 
w©  have  already  seen,  exists  in  considerable  quantity  in  t 
lymph  and  chyle,  and  is  found,  also,  in  small  proportion,  in 
the  blood.  It  has  lately  been  detected  in  still  smaller  quan-^ 
tity  in  the  mnseular  tissue ;  *  but  chemists  have  thus  far  bee^ 

1  ZALESKr^  toe,  cit    Meijsner  found  urea  in  Uie  moscles,  liTcr,  and 
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UDjtble  to  extract  it  from  any  other  of  the  solid  tissues,  under 
HomiflJ  conditions,  except  the  substance  of  the  liver.  The 
hi  tLat  it  exists  in  congiderahle  quantity  in  the  liver  has 
W  io  the  gupposition  that  this  is  the  organ  chiefly  concerned 
in  its  production/  With  the  small  amount  of  positive 
information  that  we  have  npon  this  point,  the  view  that 
tie  liver  produces  urea,  while  the  kidneys  are  the  organs 
chiefly  concerned  in  its  elimination^  must  be  regarded  as 
pnrely  hypothetical.  But  if  it  be  true  that  urea  is  the  re- 
sult of  iixe  physiological  wear  of  tlie  nitrogen  ized  elements 
of  the  body,  the  liver  would  probably  produce  its  share,  in 
tte  ordinary  process  of  disassimilation.  The  fact  that  urea 
bag  not  yet  been  detected  in  normal  muscular  tissue  is  by  no 
meaiifl  a  conclusive  argument  against  its  furmation  in  this 
atoation.  We  have  lately  shown  that,  although  the  liver  is 
confitantly  producing  sugar,  none  can  be  detected  in  its 
fiiabstance,  for  the  reason  that  it  is  waslicd  out  as  fast  as  it 
is  formed,  by  the  current  of  blood,'  In  the  case  of  the 
mn5<*le«,  it  is  by  no  means  improbable  that  the  lymph,  and 
['erhajis  the  blood,  washes  out  the  urea  constantly,  and  keeps 

h  Tii)bUs  and  dagj*»  nfier  oxtirpaliou  of  the  kidneys  {BerU-M  iiber  Vertueka 
^  Cr^ie  bdrrffend. — ZciUchri/t  fur  raiiondk  Mediein^  Leipzig  u.  Heidelberg, 
ISM,  Dritte  Reihe,  Bd.  xxvl,  S,  ii32). 

•  IfEiass^ER,  Btltriiyt  mr  Kenntniat  dea  StoffmeckscU  im  thhria^m  OrffanU. 
am^Cmlm^hl'tll  fur  die  nmliciniMch^i  Wmoiaehafim^  1808,  Xo.  18,  S,  275, 
JUlRier  refora  to  Ucrnsius  and  Stokvis  an  liaviixg  previously  indicated,  though 
ia  Jui  ijnpt'i'fLH.t  maimer^  the  preseiici?  of  urea  Iq  the  liver.  Parkes  gtiites  that 
^bcii  portions  of  the  subatancc  of  the  liver  have  l>oen  destroyed  by  disease,  the 
iitm  u  aonti'ttmea  di^fieient  in  the  urine,  and  that  it  has  appeared  to  him  that 
**tht  WMii  of  urea  wa»  in  proportion  to  the  amount  of  hepatic  ti^^ue  dostrojcd  ** 
[Tht  Cmpotiiion  of  (he  Unn^,  London,  1860,  p*  284). 

'  Flutt,  Jp,,  JCipcrinufiU  wulertaken  for  Hie  pur/^jm  of  rrconcitinff  tomr  of  tlie 
I^mmkid  Ob»€rvati4»i$  upon  tha  Glucogenic  Funciion  of  the  Liver. — AW  Tark 
J/«M  Jtnmw/,  JaiL,  1869,  vol  viU.,  p,  37S,  et  iwq.  The  experimonta  detailed 
in  tbu  irU^t|i«  tTQ  have  since  repeated  in  pnblic  dcmonstratiotiHi,  and  confirmed 
iao«l  ftillr.  In  our  Uter  obferrAtioiiB,  ve  showed  absence  of  sngiir  in  the  blood 
fr'jm  the  portal  vein  and  the  subataneo  of  the  liver,  and  the  presence  of  a  large 
quttitity  of  sugar  in  the  blood  from  the  hepatic  veins.  The  dog  upon  which 
tbtaj  ob«emitions  were  made  waa  in  full  digestion. 
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these  parts  free  from  its  presence  during  normal  conditioir  ^ 
In  some  late  experiments  bj  Meissner,  in  wliieli  tlie  ob^rv  1 
dons  of  Prevost  and  Dumas  on  tbe  aeeumulation  of  urea  ^ 
the  blood  of  neplirotomized  animals  were  confirmed,  u 
was  found  in  dogs  and  ral)bitB,  at\er  removal  of  the  kidney^^ 
not  only  in  the  liver,  but  in  the  muscles  and  brain,* 

Although  our  exjieri mental  knowledge  does  not  warraxi^ 
the  xmreserved  conclusion  that  urea  is  produced  primarilj 
in  the  nitrogenized  parts  of  t!ie  organism,  particularly  the 
nm&eular  tissue,  this  view  is  exceedingly  probable  ;  and  we 
must  wait  for  farther  information  on  this  subject,  until  phys- 
iological cliemists  are  able  to  follow  out  more  closely  the 
exact  atijmie  changes  that  intervene  between  t!ie  functional 
operation  of  organized  parts  and  tlie  change  of  their  sub- 
stance into  excrementitiouis  matters. 

When  we  come  to  consider  tlie  iufluencs  of  food  upon 
the  composition  of  the  urine,  it  will  be  seen  that  an  excess 
of  nitrogenized  matter  taken  into  the  alimentary  canal  causes 
a  proportionate  increase  in  the  quantity  of  urea  discharged. 
This  fact  has  led  to  the  supposition  that  a  part  of  the  urea 
contained  in  the  urine  is  the  result  of  a  direct  transformation 
in  the  blood  of  the  nitrogenized  alimentary  principles.  This 
view  must  be  regarded  as  purely  hypothefical.  We  do  not 
even  know  the  nature  of  the  process  by  which  the  nitroge- 
nized elements  of  the  tissues  a3*e  transformed  into  excremen- 
titious  matter,  ami  we  are  still  more  ignorant  of  the  essential 
characters  of  nutrition  proper.  When  more  nitrogenized 
fuod  is  taken  than  is  al)soluteIy  necessary,  it  is  evident  that 
the  excess  must  be  discharged  from  the  system.  This  id 
never  discharged  in  the  same  form  in  which  it  enters,  lil 
an  excess  of  cldoridc  of  sodium  or  other  inorganic  mattt*, 
but  it  is  ^vell  known  tliat  a  series  of  complicated  change©, 
called  catalytic,  are  necessary,  even  before  organic  matters 
can  be  taken  into  the  blood  by  absorption.     There  is  no  evi- 

'  Meissncb,  BtrkfU  uber    Vtrtuehe  der  Unimk  befrcfertd, — ZcUtdunfi  fkt 
rationtlle  Mcdicin^  Leipzig  u.  Heidi'lbcrg,  186«},  Drittc  Reihc,  BtL  xxtL,  S.  2S2^ 
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^tice  of  the  direct  transformation  of  these  principles  into 
^*i^  before  they  have  become  part  of  the  orj^anized  struc- . 
taiTeii,  except  in  a  comparison  of  the  propurtiong  of  nitrogen 
digested  and^  discharged ;  and  thi;?  prove:?  nothing  with  re- 
gard to  the  nature  of  the  intermediate  processes.  At  the 
present  time,  the  most  rational  supposition  i.-^,  that  the  nitro- 
pnzed  elements  of  food  nourieili  the  corresponding  constitu- 
ents of  the  body,  which  are  constantly  imdergoiiig  conversion 
into  excrementitious  matters.  Observations  iivhich  have  ap- 
peared to  demonstrate  the  fonnation  of  urea  directly  from 
albmninoid  substances  have  not  been  confirmed/ 

There  are  certain  arguments,  based  upon  comparisons 
of  the  atomic  constitution  of  urea  with  the  elements  of  uric 
add,  creatine,  and  creatinine,  in  favor  of  the  view  that  urea 
is  tlie  product  of  a  higher  degree  of  oxidation  of  tlie  other  ex- 
crfmentitious  matters  above-mentioned.     It  lias  been  found, 
aki,  that  urea  may  be  funned  artitieially  frrjm  uric  acid, 
creatine,  creatinine,  xanthine,  hyi>ox  an  thine,  and  some  other 
h(\dm  of  similar  nature/     That  certain  bodies  are  mutually 
convertible  by  the  addition  or  subtraction  of  a  few  elements 
of  water,  there  can  be  no  doubt.     Examples  of  these  simple 
trajijfonnations  are,  the  change  of  starch  (C,jll,„0,^),  dex- 
trine, etc.,  into  glucose  (C^IT^^O,,) ;  the  change  of  creatine 
(C^,N,0,)  into  creatinine  (C.U.NjO,),  etc. ;  but  the  atomic 
clianges  necessary  for  the  conversion  into  urea  of  tlie  princi- 
ples from  which  tliis  substance  has  been  assumed  to  be  pro- 
daced  are  much  more  complicated.     There  is  no  positive 
proof  that  the  proportion  of  these  various  principles  in  the 
muscles,  blood,  and  urine,  bears  an  inverse  ratio  to  the  pru- 
portion  of  urea.    Again,  the  argument  that  the  excrements 
of  reptiles  contain  an  excess  of  uric  acid  because  tlie  activity 
of  oxidation  is  less  than  in  the  mammalia  is  met  by  the  fact 
that  in  bink,  where  the  amount  of  oxygen  consumed  is 

*  MtLss^Etm'Aiitis,  Ltfont  mtr  la  phi/rioia^f,  Parw,  18G2»   tome  viK,  i>p» 
^00,  401. 
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greater,  the  proportion  of  urates  is  enormous ;  and  urea  mm 
not  generally  found  in  tins  clas§,  but  is  contained  only  i^* 
the  excrements  of  the  rapacious  hirds,  and  here  only  in  sniaKi 
quantity/  , 

There  are  no  sufficient  reasons  for  regarding  urea  as  tbrijl 
tinal  result  of  oxidation  of  certain  of  the  tissues  of  the  body^ 
uric  acid,  creatine,  etc.,  being  substances  in  an  intermediate  . 
Btage  of  transformation ;  and  we  are  forced  to  admit  tlia^| 
this  principle  is  ibmied  during  the  general  process  of  disas-^ 
siniilationj  probably  from  the  nitrogen ized  elements  of  the 
body,  by  a  destructive  action,  with  the  exact  nature 
which  wo  are  as  yet  imperfectly  acquainted. 

The  daily  amount  of  urea  excreted  is  subject  to  r\ 
great  variations.  It  is  given  in  the  table  as  ranging  between 
355  and  463  grains.  This  is  much  less  than  the  estimates 
frequently  given ;  but  when  the  quantity  has  been  very 
large,  it  has  generally  depended  upon  an  unusual  amount 
of  exercise,  of  nitrogenized  food,  or  the  weight  of  the  body 
has  been  above  the  average.  Parkes  gives  the  results  of 
twenty-five  different  series  of  observations  on  this  point. 
The  lowest  estimate  is  286*1  grains,  and  the  highest  6S8' 
grains/ 

Comjyoumla  of  Uric  Ami, 

Uric  acid  (CJIN^O,  +  110)  seldom,  if  ever,  exists  in  a  fira^J 
state  in  the  normal  urine.  It  is  exceetliugly  insoluble,  renuilIB 
ing  from  fourteen  to  fit\een  thousand  times  its  volume  of  cold 
water,  and  from  eighteen  to  nineteen  hundred  parts  of  boilv 
ing  water  for  its  solution/  It  was  at  one  time  supposed  tJB 
exist  in  the  urine  in  sufficient  quantity  to  give  it  its  acid  re- 
action ;  1nit  it  has  since  been  ascertained  that  it^  solution  dc 
not  redden  litnuiii.  Its  presence  in  the  urine  uncombinc 
must  be  regarded  as  a  pathological  condition ;  &tiU,  it  is  of 


I 


^  MrL\€-EnwARD»,  Levant  sur  h  ij!*iftwfoffk^  raris,  1862,  tome  rii.^  p.  446. 
'  PAftitES,  Tfic  Qfmponiion  ^/thc  Urine^  Loadon,  1860,  p.  7. 

'  NSCIIXCXII  AICD  V(H!EL|  Qp,  dt,  p.  27. 
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^^Undin  m-mary  deposits,  where  it  is  interesting  to  study  the 
P^aliar  ancL varied  forms  of  its  crystals.  FrequeBtly,  in  ta- 
bles of  the  compo&itian  of  the  urine,  the  proportion  of  nric 
«dd  is  given,  but  this  is  Bimply  a  matter  of  convenience,  and 
I  )m  precisely  the  same  signification  as  the  estimates  of  the 
proportions  of  sulphuric  or  phosphoric  acid.  None  of  these 
acids  constitute,  of  themselves,  proximate  principles  of  tlie 
urine,  hut  are  always  combined  with  bases* 

In  normal  urine,  uric  acid  is  combiued  with  soda,  ammo* 
nia,  potassa^  lime,  and  magnesia.  Of  tliese  combinations, 
the  urate  of  soda  and  the  urate  of  ammonia  are  l)y  far  the 
mofct  important  and  constitute  the  great  proportion  of  the 
urates,  the  m*ates  of  potassa^  lime,  and  magnesia  existing 
only  in  minute  tracei^.  Tlie  urate  of  soda  is  very  much  more 
abundant  than  the  urate  of  ammonia/  The  nnion  of  uric 
acid  with  the  bases  is  very  feeble.  If  from  any  cause  the 
nrine  become  excessively  acid  after  its  emission,  a  deposit 
of  uric  acid  is  liable  to  occnr.  The  addition  of  a  very  small 
quantity  of  almost  any  acid  is  sufficient  to  decompose  the 
wates,  when  the  nrie  acid  appears  after  a  few  hom*s  in  a 
crvFtalline  fonn. 

Uric  acid,  prol>al>ly  in  combination  with  bases,  was  fonud 
ia  tlie  substance  of  the  liver  in  large  quantity  by  Cloetta ; " 
and  his  observations  have  been  confirmed  by  recent  German 
SQthorities/  It  is  more  than  probable  that  tlie  urates  also 
exist  in  the  hlood  and  pass  ready-formed  into  the  urine; 
bat  their  proportion  in  the  blood  is  so  slight  under  normal 
conditions,  tliat  their  presence  in  tliis  fluid  has  not  been  defi- 

•  The  antes  of  Boda  exbt  in  two  finroa  ;  the  tit.'Utnil  urate,  iii  wbich  tberu 
i§  erne  equivalent  of  the  acid,  and  the  aeid  uratCi  with  two  tKiuivak'Qts  of  add. 
There  are  likewise  neutral  and  acid  urat^^s  of  ammoma.  The  meutml  aalta  cxiat 
hi  bj  £lt  the  l&rgcr  quantity. 

•  CtOETTAf  Dt  la  prhmee  de  /**>«)«/<?,  de  Padd^  uriqut^  «fc.,  dam  diverted  par- 
tUt  du  eorpi  animal, — Journal  de  la  ph^do^ie^  Pari 9^  I8E1S,  tome  L,  p,  802. 
CloetlA  alao  noted  the  presence  of  uric  acid  in  the  subatance  of  the  ffpleen. 

•  MirasKXB,  op.  cii. — Cfniralblatt  fur  die  m^icinUchen  W^memchn/ten^  1868, 
Ko,  15,  S.  22ft,  ef  ley. 
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Tiitely  detemiinedj  except  in  biixls,  where  Meksnerhas  lat>^3t^ 

found  it  in  considerable  quantity/     Tlie  fact  tUat  the  urat^i^ 
exi&t  in  the  liver,  and  in  no  otlier  part — except,  perhaps,  th0 
spleen — hm  ledMeis^ner  to  the  opinion  that  this  organ  is  th^ 
principal  seat  of  the  tV»i*niatiou  of  uric  acid-     However  tliii 
may  be — and  the  iacts  do  not  seem  sufficiently  detinite  to 
lead  to  ^uch  an  exclusive  opinion — it  is  certainly  not  formed 
in  the  kidneys,  but  is  simply  separated  by  these  organs  firom 
the  blood,    Meissner  did  not  succeed  in  finding  uric  acid  iav 
the  rauscnlar  tL^sue,  though  the  specimens  were  taken  froiS^| 
the  same  animals  in  wliich  he  had  found  largo  quantities  in 
the  liver. 

We  have  already  discussed  the  theory  of  the  change  of 
uric  acid  into  urea.  In  the  present  state  of  our  knowledge, 
we  must  regard  the  urate.-,  particularly  the  urate  of  soda,  as 
among  the  products  of  disassiniilation  of  the  nitrogenized 
constituents  of  the  body ;  and  we  should  admit  that  as  yet 
we  are  unable  to  designate  the  precise  seat  of  their  forma- 
tion, or  to  follow  out  all  the  processes  involved  in  their  pro- 
duction. 

The  diiily  excretion  of  uric  acid,  given  in  the  talde,  is 
from  six  to  nine  grains;  which  is  equal  to  from  nine  to  four- 
teen grains  of  urates  estimated  as  neutral  urate  of  soda. 
Like  urea,  the  proportion  of  the  urates  in  the  urine  is  sub 
ject  to  certain  physiological  variations,  which  will  be  con- 
sidered fartlier  on. 

Ilijyjnirates  and  Lactates. 

The  compounds  of  hippuric  acid  (C^^H^NO,),  which  are 
so  abundant  in  the  urine  of  tlie  herhivora,  are  now  known  to 
be  coutitatit  constituents  of  the  human  urine.  Robin  states 
that  hippuric  acid  is  always  to  be  found  in  the  urine  of 
children,  but  that  it  is  sometimes  absent  temporarily  in 
the  adult.'    The  presence  of  this  acid  in  the  normal  lioman 


«  ZOC.  €%L 


'  KoBt.H,  LfpHM  fMP  £m  AviiMwrt,  Paris,  18C7,  p.  67& 


EIPFOtATES    AKD  LACTATES. 


203 


^m  ^ine  seems  to  have  been  first  established  bj  Liebig ; '  and 
^■^kb  r^e^trelies  have  since  been  euntirmed  by  muiierous  other 
B  observers.  Lehmann,  particularly,  Iiasi  been  able  to  find 
^B  this  acid  in  hU  own  urine,  not  only  when  on  a  purely  vec^^e- 
Wtaltle  diet,  hut  during  the  use  of  a  mixed  diet,  lie  is  of  the 
r  opinion  tliat  tJiis  principle  frequently  escapes  obaervation 
when  the  nrine  has  been  evaporated  too  rapidly.* 
The  hippurates  have  been  detected  in  the  blood  of  the 
by  Yerdeil  and  Dolfuss/  and  have  since  been  found  in 
le  blood  of  the  human  subject;*  and  there  can  be  scarcely 
iv  doubt  that  they  pass,  ready -formed,  from  the  blood  into 
urine^  With  regard  to  the  exact  mode  of  origin  of  the 
ippurates,  we  have  even  less  information  than  upon  the 
igin  of  the  other  urinary  constituents  already  considered. 
rimenta  have  shown  that  the  proportion  of  hippuric 
id  in  the  urine  is  greatest  after  taking  vegetable  food; 
it  it  is  found  after  a  purely  animal  diet,  and  probably  also 
ista  dm^ing  fasting.  We  must  be  content  at  present  simply 
class  the  hippnrates  among  the  products  of  difiassimila* 
,  without  attempting  to  specify  their  exact  mode  of  origin.* 
le  daily  excretion  of  hippuric  acid  amounts  to  about  7*5 
graias;*  equivalent  to  about  8*7  grains  of  hi ppii rate  of  soda. 
^^  Hippuric  acid  itself,  unlike  uric  acid,  is  quite  soluble  in 
^fbter  and  in  a  mLxturo  of  hydrochloric  acid*  It  requires 
"  six  hundred  parts  of  cold  water  for  its  solution,  and  a  much 
less  proportion  of  warm  water.  Under  pntbological  con- 
ditions, it  is  sometimes  found  free  in  solution  in  the  urine. 

*  Lltsio,  Sur  taeide  eontenu  dam  Purine  dm  quadnipidmherlnvorss. — AnnaltM 
I  d  de /thiftiquf^  PariBj  1830,  tome  sUiL,  p.  188,  et  «eg, 

'  LzmtAl^^,  Phiffiofoffi^-al  CheFnistrtf^  VhWmMphm^  1855,  vol  i.,  p.  179. 
f  •  Robin  et  Vkriieil,  CMmie  analmuqiie^  PariB,  1853,  tome  ii.,  p.  44<i. 

*  Mi LNS'Eo WARD'S,  Xffoiwr  sur  la  fJif/nolo^e,  Paris,  1857,  tome  i,  p.  20 L 

*  The  reader  is  referred  to  works  treating  s^^eeiullj  of  tlic  urine,  for  spccu- 
lAtioiafl  ooncemiug  the  ongiu  and  patliolo^ieal  relationa  of  hippuric  acid.  An 
■jiA]ysU  of  numcroui  observntions  on  thia  subject  has  been  mtide  by  Parkca. 
{Ofmptmtion  of  ike  tfrine,  London,  1860,  pp.  13,  2ft.) 

*  TurDicBUM,  A   Trtaiisi  on,  the  PMok^f/  of  (he  Vrine^  London^  1858,  p. 
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The  lactates  of  soda,  potassa^  auJ  lime  exist  in  very  con- 
eiderable  proportion  in  the  nornial  urine.  They  are  un- 
duubtedlj  derived  immediately  Irom  the  blood,  passing*; 
ready-formed,  into  the  urine,  where  they  exist  in  simple  wa- 
tery Bohitioii.  According  to  Eobln,  the  lactates  are  formed 
in  the  muscles,  in  the  substance  of  which  they  can  be  read- 
ily detected/  We  have  no  positive  information  with  regard 
to  the  precise  mode  of  formation  of  these  salts.  It  is  prob- 
able, however,  that  the  lactic  acid  is  tlie  result  of  transfor- 
mation of  glucose.  As  a  curious  clieuiical  factj  it  is  inter- 
esting to  note  that  the  lactic  acid  contained  in  the  lactates 
extracted  from  the  niiiscular  substance  is  not  absolutely 
identical  with  the  acid  resulting  from  the  transformation  of 
the  sugars.  The  former  have  been  called  paralactates,  and 
they  contain  one  equivalent  of  water  less  than  the  ordinary 
lactates.  According  to  Kobin,  the  compounds  of  lactic  acid 
in  the  urine  are  in  the  form  of  paralactates/ 

Although  the  inosates  (compounds  of  inosine,  C^^H^jO,,) 
have  never  been  detected  in  the  urine,  Robin  is  of  the  opinion 
that  traces  of  thc^e  salts  are  separated  from  the  blood  by 
tlie  kidneys,  from  the  fact  that  they  exist  normally  in  ti 
blood  and  in  the  muscolar  tissue.' 

We  have  little  or  no  information  \vith  regard  to  the 
lations  of  the  inosates  to  excretion. 


Creatine,  VM*0,^,-\  2110,  and  Cre^tinhie,  CJI,0,l!i,. 

Creatine  and  creatinine  are  undoubtedly  identical  in 
their  relations  to  the  general  process  of  disa^similation,  for 
one  is  easily  converted  iuto  the  other,  out  of  the  body,  by 
very  simple  chemical  means ;  and  there  is  every  reason  to 
suppose  that,  in  the  organism,  they  are  the  products  of 
physiological  waste  of  the  same  tissue  or  tissues.  These 
principles  have  been  fuund  in  the  urine,  blood,  muscuU 

^  Ro»i>',  i>fon*  sur  tes  humenrt,  Paris j  1867,  p.  66 L 
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feue,  and  brain/    Scherer  has  demonstrated  the  presence 
of  creatine  in  the  amniotic  flair]/     By  certain  chemical 
inaaipiJations,  both  creatine  and  creatinine  ma}'  be  changed 
ttito  urea ;  and  the  fact  that  these  substanccij  are  now  known 
ta  be  constant  constituenta  of  the  urine  leaves  no  doubt 
tktthej  are  to  be  classed  among  the  excrementitiutis  prin- 
ciples.   Chevreul,  who  Hn^t  discovered  creatine  in  the  ex- 
tract of  muscnlar  tisane,  regarded  it  as  one  of  the  nutri- 
tive principles  uf  meat ; '  bnt  the  subsequent  researclies  of 
Heintz/  Liebig,'  and  others,  who  found  it  in  the  ni'ine,  re- 
vealed its  true  character.     Verdeil  and  Miircet  *  have  since 
feond  both  creatine  and  creatinine  in  the  blood;  and  these 
priQciples  are  now  generally  regarded  as  excrementitioua 
mattere,  taken  from  the  tissues  by  the  bl^xxl^  to  l^e  eliminated 
by  the  kidneys. 

Creatine  has  a  bitter  taste,  is  qnite  soluble  in  cold  water 
((me  part  in  seventy -five),  and  is  much  more  soluble  in  hot 
water,  from  which  it  separates  in  a  crystalline  form  on  cool- 
itip  It  is  but  slightly  soluble  in  alcohol,  and  is  insoluble  in 
ether,  A  watery  solution  of  creatine  u  neutral.  It  does 
not  readily  fonn  combinations  as  a  base  j  but  it  has  lately 
ieen  made  to  form  crystalline  compoimds  with  some  of  the 
'tfong  mineral  acids,  the  nitric^  hydrochloric  and  sulphu- 
BC.'  According  to  Neubauer  and  Yogel,  when  boiled  for 
a  long  time  with  baryta,  it  is  changed  into  urea  and  sar- 

*  VoiT,  Uilt*y  doi  V&rhatUn  da  Kreatim^  Kreaioiina  mid  Harwtioff*  im  THier- 
Hfper,^Ztii^hr*yt  fur  Mologii,  Miinchon,  1868,  BdAr.,  S.  78. 

*  ScttEBKft,  Anafjf»e  iTun  tiqmde  amniotique, — A  rtnumrv  de  ehimie^  Paria,  ISdO, 

*  CHETEcrc^  UnUrmchunfftn  iiher  die  chemmhe  ZtmmwijmMdzung  der  FUite^ 
\6riiht, — Journal /iir  prakiuchi  Chame^  Leipzig,  18.35,  Bd.  tI,  S.  120^  H  teq. 

*  Htiarra,  VeherHne  nem  Sdure  im  men»c/dichm  Ham, — Annalm  der  Pktftifc 
d  Cktmie,  Lci{>JEig,  1844,  Bd.  hii.,  S.  603. 

*  LutBja,  Jleckerchea  dd  chimu  mkdkaU. — Comptet  rendtm,  Paris^  1S47»  tome 

*  Rovuc  KT  ViRDgu,,  T^raUi  de  cMmU  anatomiqne^  P&ris,  1863^  tome  ii.,  pp. 

im,  489. 

^  Xeubaues  aud  Vooxl,  ep  tii^  p.  It. 
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cosine ;  but  tlie  recent  researches  of  Yoit  liave  pretty  con- 
clusively shown  that  this  chancre  does  not  tate  place  in  the 
livnig  organism,  and  that  prolmlily  none  of  the  urea  of  the 
urine  is  produced  in  this  way/  When  boiled  with  the  strong 
acids,  creatine  (CJT^O^N,-f  2110)  loses  four  atoms  of  water, 
and  is  changed  into  creatinine  (C,II,OjNJ,  This  change 
takes  place  very  readily  in  decomposing  urine ;  whicli  con- 
tains neither  urea  nor  creatine,  but  a  large  quantity  of  crea- 
tinine, when  far  advanced  in  putrefaction. 

Creatinine  is  more  soluble  than  creatine,  and  its  watery 
solution  lias  a  strong  alkaline  reaction.  It  is  dissolved  by 
elevea  parts  of  cold  water,  and  is  even  more  soluble  in 
boiling  water.  It  is  elightly  sohible  in  ether,  and  is  dis 
solved  by  one  hundred  parts  of  alcohol.  This  substance  is 
regarded  as  one  of  the  mo^t  powerful  of  the  organic  bases, 
readily  forming  crystalline  combinations  w*ith  a  number  of 
acids.  According  to  Thudiehum,  Tvho  has  very  closely  stud- 
ied the  physiological  relations  of  these  substances,  creatine 
is  the  original  exerementitious  principle  produced  in  the 
muscular  substance,  an^l  creatinine  is  formed  in  the  blood 
by  a  transformation  of  a  portion  of  the  creatine,  somewhere 
between  the  nmscles  and  the  kidneys;  "for^  in  the  muscle, 
creatine  has  by  far  the  preponderance  over  creatinine ;  in 
the  urine,  creatinine  over  creatine."  * 

In  the  present  state  of  our  knowledge,  there  is  very  little 
to  be  said  with  regard  to  the  physiological  relations  of  crea- 
tine and  creatinine,  except  that  they  are  probably  to  be 
classed  among  the  excrementitious  principles  resulting  from 
the  disassimilation  of  the  muscular  tissue.  As  they  exist 
in  considerable  quantity  in  the  muscular  substance,  it  be- 
comes a  question  whether,  in  the  m*jue  of  carnivorous  ani- 
mals, they  be  not  derived  from  the  food ;  but  they  could 
have  no  such  origin  in  the  herbivora,  nor  in  the  urine  of 

*  VoiT,  Uelwr  ri.M  Verf^Uten  dea  Kreathts,  Kreaf hurts  und  HarMiofk  im  Thirr  i 
kQfper, — Loe,  ciV.,  p.  116. 

'  TucDicnirii,  Pathotog^  of  the  ITrine^  LoodoDi  ISSS,  p.  120. 
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Storing  animals.  Tliudielium  inentions  the  fact  that  they 
are  particularly  abundant  in  the  muscles  of  wild  animals, 
and  that  the  proportion  diminishes  in  the  same  animak  dur- 
ing captivity.  He  cites  the  instance  of  a  fox  that  had  beeu 
fed  on  meat  for  two  hundred  days  at  the  Anatomical  Insti* 
tntion  in  Giessen,  in  which  the  proportion  of  creatine  was 
Hot  one-tenth  part  that  contained  in  the  flesh  of  foxes  caught 
l>y  htmting.^  It  has  likewise  been  found  that  the  propor- 
tion of  creatine  is  very  small  in  fat  meat. 

It  has  been  assumed  by  many  authors  that  inasmuch  as 
Jhe  muscular  tissue  of  the  heart  is  iu  almost  coa^tant  action, 
Uhould  contain  more  creatine  than  any  other  portion  of 
be  muscular  system ;  *  but  the  late  observations  on  this 
oint  by  Hofmann,  Halenke,  and  Voit,  show  that  the  re- 
verse of  this  is  tJie  case.  These  physiologists  compared  the 
DjHjrtion  of  creatine  in  the  heart  and  iu  the  muscles  of 
tremities,  in  oxen  and  in  the  human  subject,  and  al- 
jund  the  quantity  much  less  iu  the  heart ;  ■  still  the 
ortion  of  creatine  has  been  found  to  be  greater  in  tetau- 
muscles  than  in  the  muscular  tissue  after  repose. 
From  the  meagreness  of  our  facts  with  regard  to  the  phys- 
Bogical  relations  of  creatine  and  creatinine,  it  is  evident 
ftt  there  is  much  to  be  learned  before  we  can  understand 
sproeees  of  its  formation  in  the  healthy  organism  and  the 
obable  results  of  its  retention  or  deficient  elimination  in 
At  present  we  can  only  say  that  these  principles 
obably  ])roduced  in  greatest  part  in  the  muscular  tis- 
The  fact  that  creatine  has  lately  been  demonstrated  in 
!  brain  wouhl  lead  to  the  supposition  tliat  it  is  also  one  of 
he  products  of  disasslmilatiou  of  the  nervous  substance. 

The  average  daily  excretion  of  creatine  and  creatinine  is 
fetiinated  by  Thudichum  at  about  11*5  grains.     Of  tliis  he 

— -  RoB»c  «f  Vejujiil,  TVtfiTtf  tie  chlmU  amaiomiqiie^  F*n?,  1853,  tome  IL, 
if  iai 
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estunates  that  4*5  grains  oonskt  of  creatine,  and  7  gndns, 
creatinine,* 

Oxalate  of  Lime,  CaO,C,0,+2HO. 

This  salt  is  not  constantly  present  in  the  normal  hnraa/i 
urine,  though  it  may  exist  in  eorusidenible  quantity  withoB 
denoting  any  pathological  condition.  It  v&  exceedingly  ivm 
luble,  and  tlie  appearance  of  its  crystals  in  urinary  deposits  I 
XQvy  charaeteriatic.  According  to  Robin,  a  trace  may  be  i 
tained  in  solution  by  the  chlorides  and  the  alkalioe  phosphati 
in  the  urine.*  This  salt  may  find  its  way  out  of  the  system 
by  the  kidneyj^,  after  it  has  been  taken  with  vegetable  food 
or  with  certain  medicinal  substances.  The  ordinary  rhubarb, 
or  pie-plant,  contains  a  large  quantity  of  oxalate  of  lime, 
which,  when  this  article  is  taken,  will  pass  into  the  urine. 
It  is  probable,  however,  that  a  certain  quantity  of  the  oxa- 
late may  be  fonned  in  the  organism.  Pathologists  now 
recognize  a  condition  called  oxaluria,  characterized  by  the 
appearance  of  oxalate*of4ime  crystals  in  the  urinary  &e<:li- 
ments;  and  sometimes  the  quantity  in  the  urine  is  so  large, 
and  its  presence  is  so  constant,  that  it  forms  vesical  calculi 
of  coufiiderable  size. 

Inasmuch  as  pathological  facts  have  shown  pretty  con- 
clusively that  oxalic  acifi  may  appear  in  the  system  without 
being  introdueed  with  the  food,  some  physiologists  have  en- 
deavored to  show  how  it  may  originate  from  a  change  in  cer- 
tain otlier  of  the  proximate  principles  from  which  it  cau  l>e 
l>rodut^d  artificially  out  of  the  body.  One  of  the  substances 
trom  which  oxalic  acid  can  be  thus  fonned  is  uric  acid.  It 
remains,  however,  to  show  that  this  may  take  place  in  the 
living  organism.  Woelder  and  Frerichs  injected  into 
jugular  vein  of  a  dog  a  solution  contsdning  about  twent 
three  grains  of  urate  of  ammonia.    In  the  urine,  taken  a 

'  Thudichujc,  a  TVeaiUe  on  the  Paihoioffjf  of  ihe  Urini^  Londoik,  18S8>  p. 
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'  RotiN,  Zefom  §ur  k*  humeMn^  Farit)  1867,  p.  674. 
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^Vort  time  after,  there  was  no  deposit  of  uric  acidj  but  there 
«\^peared  nTimerous  crystals  of  oxalate  of  Hme,  The  same 
lesTilt  followed  in  the  human  swhject,  on  the  admiivistratlon 
Cff  sixty-seven  grains  of  urate  of  aiiimoaia  by  the  mouth.* 
These  questiona  have  more  of  a  pathological  than  a  physio- 
logical intere.4t ;  for  tlie  quantity  of  oxalate  of  Hme  in  the 
normal  urine  is  in&ignlficantj  and  this  salt  does  not  repre- 
sent any  of  the  well-known  processes  of  disasgimilation. 

Xanthine  (C^.II^N^O,).— Traces  of  this  substance  have 
been  found  in  the  normal  human  urine,  but  its  proportion 
lus  not  been  estimated,  and  we  are  as  yet  but  imperfectly 
acqaainted  with  its  physiological  relations.    Under  pat)*ologi- 
cal  conditions,  it  occai>ionally  exists  in  sufficient  quantity  to 
form  urinary  calculi.     It  has  been  found  in  tlie  liver,  spleen, 
tlirma*^,  pancreas,  muscles,  and  brain.     It  is  insoluble  in  wa- 
ter, but  is  soluble  in  both  acid  and  alkaline  fluids,     n>"|>o- 
xanthine  (C.^II^N^O,)  has  never  been  found  in  normal  urine, 
tioiigh  it  exists  in  the  muscles,  liver,  spleen,  and  thyrauSp 
Leucine  (Cj,ir„N,0^)  exists  in  the  pancreas,  salivary  glands, 
thypoid,    thymus,   suprarenal    capsules,   lymphatic   glands, 
liver,  lunga,  kidney,  and  gray  substance  of  the  brain.    It  has 
never  been  detected  in  the  nonnal  urine.     The  same  remarks 
apply  to  tyrosine  (C,gII,jNO,),  though  it  is  not  so  extensively 
distributed  in  the  economy,  taurine  (C^II^NO.Sj),  and  cys- 
tine (CjII^N^O^S,).     The  last  two^  however,  contain  sulphur, 
and  may  have  peculiar  physiological  and  pathological  rela- 
tions that  we  do  not  at  present  understand. 

These  various  substances  are  mentioned,  though  some  of 
tLem  have  not  been  demonstrated  in  the  normal  urine,  for 
the  reason  that  there  is  evidently  much  to  be  learned  with 
regard  to  the  various  products  of  disassimilation  as  tlicy  arc 
represented  by  the  composition  of  the  uriue.     While  some 

*  WoxBi^sm  CTfn  Fririchs,  Uebrr  die  Veriinderungenf  vdche  nmnmtUch  or- 
tftf«t'#d^f  Bt^ff'^  f**^  ihren  Ueiterrinnffe  in  dm.  Htrm  trleiden^ — Journul  fitr  pmh 
Utrht  Chlnm,  Leipitig,  ISiS,  Bd.  Jtl;v,,S.  65. 
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of  these  may  not  be  actual  proximate  principles,  bt 
stances  produced  by  tbe  processes  employed  for  their  exli        M 
tion,  some,  wliich  have  thus  far  been  discovered  only  un 
pathological   conditions,  may  yet  be  found  in  health,  i 
they  represent,  perhaps,  important  physiological  acts** 


laiiy  Maiier. — A  certain  quantity  of  fat  and  fatty  ae^ 
are  said  to  exist  in  the  nurmal  urine/    Their  proportic:>^ 
lioweverj  is  sniall,  and  tlie  mere  fact  of  their  prosencej  oa 
ii  of  phy6ioli»gical  interest. 


I 


s  o£h 
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Inorganw  Constituents  of  the  Urine, 

It  h  by  the  kidneVB  that  the  greatest  quantity  and  vai 
of  inorganic  principles  are  discharged  from  the  orgam^mJ 
and  it  is  pmbable  that  even  now  we  are  not  acquainted  with 
the  exact  proportion  and  eonLlition  of  all  the  principles  ol 
this  class  contained  in  the  urine.     In  all  the  processes  of 
trition,  it  is  fouiid  that  the  inoi'gaiiic  constituents  of  the  bl 
and  tissnes  accompany  the  organic  matters  in  tlieir  various 
transformations,  thougli  they  ai*e  tliemBclves  unchangecL    In 
fact,  the  condition  of  nnion  of  the  inorganic  witli  the  or- 
ganic prineiplo-i  is  so  intimate,  that  they  cannot  be  coi 
pletely  separated  witiiout  incineration.     In  view  of  the 
facte,  it  IS  evident  that  a  certain  part,  at  least,  of  the  in^ 
ganic  &alts  of  the  urine  is  derived  from  the  tissues,  of  whicl 
in  combination  with  organic  matters,  they  have  formed 
constituent  part.     As  tlie  kidneys  frequently  eliminate  fro: 
the  blood  foreign  matters  taken  into  the  system,  and  are 
capable  sometimes  of  throwing  off  an  excess  of  the  nornn 
constituents  wliich  may  be  introduced  into  the  circnlatio] 
it  can  be  readily  understood  how  a  large  proportion  of  soi 

*  For  fiiither  information  cuneeraJDg  thL^se  pfmL4p!e9,  tlie  rtsader  U  refer 
to  works  li'caliug  of  the  patJiulogy  as  well  us  the  pUysiology  of  Ihc  urine, 
succinct  statement  of  our  ponitWc  knowlodjs^^  regarding  the  douhtAil  priucfpU 
t»  giTen  l)y  Robin  {L^m  mr  U»  hiimcun,  Vo.n^  1867,  p.  688,  ft  tiq.}. 

*  RouiN,  (*p,  city  p,  690. 
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*^*  the  iDai^anic  matters  of  tlio  urine  is  derired  from  tlie 
food. 

From  tLe  fact  ttat  the  inorganic  maltei's  diaelmrged  in 
^he  tirine  aro  generally  the  same  as  those  introduced  with 
t-lrjefbod,  and  that  they  vary  in  proportion  with  the  consti- 
hBt^tion  of  the  food,  it  is  difficult  to  ascertain  how  far  their 
^^k>re?ence  and  quantity  in  tlie  urine  represent  the  processes 
^^k>f  diBassuuilation.  One  thing,  however,  is  certain :  that  the 
^Bc^TTpinic  constituents  of  the  food,  the  blood,  the  tissues,  and 
^  tlie  urine,  are  never  without  inorganic  matter  in  considera- 
IJe  variety ;  and  it  is  more  than  probable  that  tlie  presence 
of  tliese  salts  in  a  tolerably  definite  proportion  influences  the 
prtDcesses  of  absorption  and  secretion  and  has  an  important 
iiearing  ujxm  nutrition ;  but  we  are  as  yet  so  imperfectly 
acquainted  with  the  processes  of  nutrition  of  the  tissues,  that 
we  cannot  follow  out  all  the  relations  of  the  inorganic  mat- 
ters, first  to  nutrition,  and  afterward  to  disassimilation. 

Chhrides,~A\m<^st  all  of  the  chlorine  in  the  urine  is  in 
^^  the  form  of  chloride  of  sodium ;  the  amount  of  chloride  of 
^■potassium  being  iufiignificant  and  not  of  any  special  physio- 
^^bgfeal  importance.  It  is  unnecessary,  in  this  connection,  to 
^InKibe  the  well-known  properties  of  common  salt ;  and  the 
means  for  determining  its  presence  and  proportion  in  the 
urine  are  fully  treated  of  in  works  upon  physiological  chem- 
i&trr.  All  that  we  have  to  consider  is  its  importance  and  sig- 
nificance as  a  urinary  constituent. 
^B  By  reference  to  the  table  of  the  composition  of  the  lu'ine, 
^^kj#  seen  that  tlie  proportion  of  chloride  of  sodium  is  subject 
PHHbry  great  variations,  the  range  being  from  three  to  eight 
parts  per  thousand*  This  at  once  suggests  the  idea  that  the 
quantity  excreted  is  dependent  to  a  considerable  extent  upon 
the  amount  taken  in  with  the  food ;  and,  indeed,  it  has  been 
shown  by  numerous  observations  that  this  is  the  fact,*     The 

*  TutJDtcncii,  A  Treathe  on  the  Paihohnftj  of  the  Urine,  lAmdnn^  isns,  p.  102. 
(KTDACm  xavf  VoGEL,  A  Guide  to  the  Qimiitatiw  and  Quantitotiw  Anal^sU  of 
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proportion  of  chloride  of  sodium  in  the  blood  seems  to  1s^ 
tolerably  constant ;  and  any  excess  that  may  be  introducec^H 
is  thrown  off  chiefly  by  the  kidneys.    It  has  been  shown  con-^ 
clusively  that  deprivation  of  common  salt  in  the  food  after 
a  time  is  followed  by  serious  disturbances  in  the  general  pro- 
cess of  nutrition ;   and  it  is  an  acknowledged  fact  that  this 
proximate  principle  is  a  constituent  of  every  tissue  of  tlie 
body,  except  the  enamel  of  the  teeth.     As  the  chlorides  are 
deposited  with  the  organic  matter  in  all  the  acts  of  nutrition,! 
they  are  found  to  be  eliminatotl  constantly  with  the  producti 
of  disassimilation  of  the  nitrogeuized  parts,  and  their  absenc 
from  the  food  docB  not  completely  arrest  their  discharge  in  the' 
urine.    According  to  Robin,  by  suppressing  salt  in  the  food, 
its  daily  excretion  may  be  i-educed  to  from  thirty  to  forty-five 
grains,  the  normal  quantity  being  from  one  hundred  and 
titly  to  one  hundred  and  sixty  grains.     Tliis  quantity  is  Ic 
than  the  araoimt  contained  in  the  iugesta,  and  under  tUefi 
circumstances  there  is  a  gradual  diminution  in  the  nutritive 
activity.     "  This  fact  demonstrates  the  necessity  of  adding 
chloride  of  sodium  to  the  food." '     It  is  an  interesting  patho- 
logical fact,  that  in  all  acute  febrile  disorders,  the  proportion 
of  clilorine  in  the  urine  rapidly  diminishes,  and  is  trequently 
reduced  to  one  hundredth  of  the  normal   amount*     The 
quantity  rapidly  increases  to  the  normal  standard   during 
convalescence.     Most  of  the  clJorides  of  the  mine  are  in' 
simple  watery  solution;    but  a  certain  proportion  of  the 
chloride  of  sodium  exists  in  combination  with  urea. 

The  daily  elimination  of  chloride  of  sodium  is  about  one 
hundred  and  fifty-four  grains  (Ilobin).     The  great  variatior 
in  its  proportion  in  the  urine  under  difl:ereut  conditions  of 
alimentation,  etc.,  will  explain  the  dilierences  in  the  esti^ 
mates  given  by  various  authorities. 

(Ae  UrvnM^  Nm  S^rkttliam  SiKUiif,  LoadoQ,  1863,  p.  896* — Rodix^  Ltfona 

*  RoBLH,  op,  cit^  p.  663. 

*  KiUBAUCR  Ayu  YoasL,  op.  cit^  p.  S9t. 


SulpkUe$. — There  is  very  little  tx)  be  said  regarding  t!ie 
lulphates,  beyond  the  general  statements  concerning  the  in- 
wgaaic  prniciples  of  the  urine.     The  ] proportion  of  the&e 
Bilteisliere  very  much  greater  tliau  in  the  blood,  in  whicli 
tliere  erd^U  only  about  0*2S  of  a  part  per  thousand.     Inas- 
much u&  the  proportion  in  the  urine  is  fn  >ni  three  to  seven 
puta  per  thousand^  it  seems  probable  that  the  kidneys  elimi- 
nate the*ic  principles  as  fast  m  they  find  their  way  into  the 
circiJutitig  fluid  either  from  the  food  or  from  the  tissue^** 
Like  other  principles  derived  in  great  part  from  the  food, 
the  normal  variations  in  the  proportion  of  sulphates  in  the 
urine  are  very  great.     It  is  unnecessary  to  consider  in  detail 
the  variations  in  the  amount  of  sulphates  discharged  in  the 
nrine,  depending  upon  the  ingestion  of  different  salts  or  upon 
diet,  for  all  the  recorded  observations  have  been  followed 
hj  the  same  results,  and  show  that  the  ingestion  of  sulphates 
in  quantity  is  followed  by  a  corresponding  uierease  in  the 
pn>portion  eliminated.    If  umerous  experiments  on  this  point 
lifive  l»een  made  by  Vogel  and  others.* 

ThmJichum  estimates  the  daily  excretion  of  sulphuric 
4cid  at  from  twenty-three  to  tliirty-eight  grains.*  Aseum- 
iDg,  With  Robin,  that  the  sulphates  consist  of  about  equal 
parts  of  sulphate  of  potassa  and  sulphate  of  soda,  with  traces 
of  sulphate  of  lime,*  the  quantity  of  salts  would  be  from  22*5 
to  37*5  grains  of  sulphate  of  potassa  and  an  equal  quantity 
of  sulphate  of  soda. 

Phmj)h4it€^. — The  urine  contains;  phosphates  in  a  variety 
of  forms;  but  inasmuch  as  it  is  not  known  that  any  one  of 
the  tlifferent  combinations  possesses  peculiar  relations  to  the 
process  of  disassimilation,  as  distinguished  from  the  other 
|iho6pliate^^  the  phosphatic  salts  may  be  considered  together. 

*  floKiXf  Lf^HM  aur  /ci  humeurt^  Parish  1867,  p.  663. 

•  XfLCBACEIl  AKO  VOOEL,  Op,  cU.^  p.  4<M. 

•  TurtiKTii^v,  A  TirmSm  on  ihe  Pathology  of  the  Uritt/e,  London,  18iS8»p,  41ft. 

*  Eo0i5,  fof»  cil. 
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The  remarks  wliieli  we  have  jost  made  with  regard  to  tlie 
chlorides  and  the  sulphates  are  applicable,  to  a  certain  ex- 
tent, to  tlje  ]>ho25phate!?.  These  salts  exist  constantly  in  the 
urine,  and  are  derive<l  in  part  from  the  food,  and  in  pai*t 
from  the  tissues*  Like  other  inorganic  matters,  they  are 
united  witli  the  nitrogenized  elements  of  the  organism,  and 
when  these  are  changed  into  excrementitions  principles,  and 
are  separated  from  the  blood  by  the  kidneys,  they  pass  with 
them  and  are  discharged  from  the  organism. 

It  becomes  a  question  of  importance,  now,  to  consider 
how  far  the  phosphates  are  derived  from  the  tissues,  and 
what  proportitjn  couies  directly  from  the  food.  This  point 
is  peculiarly  interesting,  from  the  fact  that  phosf>homfl  has 
been  eliown  to  exist  in  the  nerve-tiesne,  and  it  has  been  in- 
ferred that  the  excretion  of  phosphates  represents,  to  some 
extent,  the  pliysiological  wear  of  the  nervous  system. 

All  observers  agree  that  tlie  quantity  of  phosphates  in 
the  urine  is  in  direct  relation  to  the  proportion  in  the  food, 
and  that  an  excess  of  phosphates  taken  into  tlie  stomach  ia 
immediately  thrown  oti'  by  the  kidneys/  It  is  a  familiar 
fact,  indeed,  that  the  phosphates  are  deficient  and  the  car- 
Tionatcs  predominate  in  the  urine  of  the  herbivora,  while  the 
I'e verse  obtains  in  the  earnivora ;  and  that  variations,  in  this 
respect,  in  the  urine  may  be  produced  by  feeding  animals 
with  different  kinds  of  food,  Verdeil  made  some  very  inter- 
esting comparative  analyses  of  the  blood  for  the  alkaline 
phosphates  in  the  lierbivora,  the  caniivora,  and  in  man.  He 
found  the  proportion  very  small  in  the  ox,  as  compared  with 
the  dog,  and  intermediate  in  the  human  subject.  The  pro- 
portifjn  of  phosphntes  in  the  Idood  of  the  dog  was  greatly 
diminished  by  feeding  with  potato.'  Deprivation  of  food  di- 
minishes tlie  quantity  of  phosphates  in  the  urine,  but  a  certain 


*  NwTBAUEa  AND  YcwjEL,  op.  clt.^  p.  41 L  Thesij  observers  fomid  it  impossi- 
ble to  eslablish  any  dofinitG  relation  between  the  excretion  of  phosphoric  acid 
and  tbe  proccsgeg  of  nutrition^  ia  diaensed  condJtiotis. 

^  Eo&iN  rr  Verpeil,  Vhimk  anatomiqui^  Park,  1803,  tome  IL,  p.  8S0. 
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'|vortion  h  discharged,  derived  exclusively  from  the  tissues, 
behave  already  noted  the  fact  that  the  products  of  disassim- 
i  I'i  in  of  the  nitrogenized  principle:^  are  never  discharged 
:a  i.euhh  without  heing  accompanied  with  certain  inorganic 

salts  such  as  the  chloridei?,  sulphates,  and  phosphates. 

^^  In  connection  with  the  fact  that  phosphorus  exists  (in 
^Hffeeisely  what  condition  it  is  not  knowTi)  in  the  nervous 
^^ftattcr,  it  has  been  stated  that  mental  exertion  is  always  at- 
I     tended  with  an  increase  in  the  elimination  of  phosphates ; 

F      '  *tn:s  has  been   advanced  to  ehow  that  these  salts  are 

Ily  derived  from  disassimilatioa  of  the  brain-substance, 

Jlijieriments  show  that  it  is  not  alone  the  phosphates  that  are 

mcriMsc*!  iti  quantity  under  these  conditions,  but  urea,  the 

<likande^,  sulpliates,  and  inorganic  matters  generally;*  and 

ia  point  of  fact,  any  physiological  conditions  which  increase 

'''       opcjrtion  of  nitrogenized  excreTnentitions  principles  in- 

m  well  the  ehinination  of  inorganic  matters.     It  can- 

1     not  he  apsuraed,  therefore,  that  the  discharge  of  phospliates  is 

*  ^ly  connected  with  the  activity  of  the  brain.*  We  learn 

ig  from  pathology  upon  this  point,  for  ahhoiigh  numer- 

Wis  observations  have  been  made  upon  the  excretion  of 

pliosphoric  acid  in  di^ase^ — Vogel  having  made  about  one 

thoufiand  different  analyses  in  various  atlectiond*— no  deti- 

i»ite  restdtis  have  been  obtained. 

From  thesrc  facts  it  is  seen  that  there  is  no  physiulogical 
reason  why  we  are  able  to  connect  the  elimination  of  tlie 
phos[tliate§  with  the  disassimilation  of  any  particular  tissue 
^T organ,  e.^pecially  as  these  salts  in  ?ome  fonn  are  nniver- 
Killy  distributed  in  the  organism, 

*  This  UlQatrmtcs  the  combiofttion  of  the  organic  pi  tiirlples  with  inorganic 
Dttber  la  exer^on  as  wdl  A3  tti  nuCKtion. 

Smd  tiir  la  refation  qui  txi%ti  d  VUai  pk^oioghpii  tntre  Vacthf'tti 

>y>mposition  dtt    urinfn,  Paris,  1808»  p.  fl6.     Bj  refereuce  to  tho 

IjiWti  hj  UsAi^n  on  p.  48,  it  will  be  seen  Uuit  the  pToporii<in  of  «ulpburic  ncid 

m  the  ttrine  is  more  thjin  doubled  by  mental  exertion,  while  the  proportioD  of 

phofphoric  ftcid  U  iDereai4>d  teaa  than  on(^'tllird. 

'IfXirBArU  A^TD  TOGEL^  op.  W/.^  p.  413,  */  a^. 
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ObservatioDS  have  been  made  upon  the  hourly  variatioj 

in  the  discharge  of  phosphoric  acid  at  different  periods  of  tfi 
day ;  but  these  do  not  appear  to  bear  any  absolute  relsLtior^ 
to  known  physiological  conditiongj  not  even  to  the  process 
of  dis:eBtion/ 

Of  the  different  phosphatic  &alts  of  the  urine,  the  raost 
important  are  those  iu  whieh  the  acid  is  combined  withsoda. 
These  exist  in  the  fomi  of  the  neutral  and  acid  phosphatesi 
The  acid  salt  has  one  equivalent  of  the  base,  and  is  supposed 
to  be  the  cause  of  tlie  acidity  of  the  urine  at  the  moment  of 
its  emission.  The  so-called  neutral  salt  is  slightly  alkaline, 
and  has  two  equivalents  of  base.  The  proportion  of  the 
pixosphates  of  soda  in  the  urine  is  larger  than  that  of  any  of 
the  other  phosphatic  salts,  but  tlie  daily  amount  excreted  has 
not  been  estimated.  The  phosphate  of  magnesia  is  a  constant 
constituent  of  the  urine,  as  well  as  the  acid  and  the  basic  phos- 
phate of  lime.  The  daily  excretion  of  phosphate  of  magne- 
sia amounts  to  from  7"7  to  11'8  grains,  and  of  the  phosphates 
uf  lime,  from  4*7  to  5'7  grains.'  According  to  Robin,  there 
always  exists  in  the  urine  a  small  quantity  of  the  ammonio- 
magnesiau  phos|iluite,  but  it  never,  in  health,  exists  in  suffi- 
cient quantity  to  form  a  crystalline  deposit/  The  daily 
excretion  of  the  phosphates  is,  as  we  have  seen,  subject  to 
great  variationsj  but  the  average  quantity  of  pluisphoric  acid 
excreted  daily  may  be  estimated  at  about  Hfty  grains^  or, 
more  accurately,  fifty-six  grains.* 

The  urine  eontains,  in  addition  to  the  inorganic  prin- 
ciples above  deseribedy  a  small  quantity  of  silicic  acid ; 
but,  as  far  as  we  know,  this  has  no  physiological  im- 
portance* 

*  The  Tender  is  roferrefl  to  the  work  of  Ncubnuor  and  Vog^l  for  n  fuller 
conslderiLtioQ  of  the  pbydlo){»gieal  find  pnthological  rdAtions  of  the  pho9> 
pbatea. 

*  XKX7DACER  AND  VdOEL.  Op.  cit,^  p»  69, 

*  RoniN,  Lemons  »ur  l&  hnmeurt,  Paris^  1867^  p,  6<J6, 

*  TiiuDicHUM,  A  Trc^ttM  on  the  Pathology  of  the  ITrin^y  London,  1958^  p^ 
410. 
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Coloring  Matter  and  Mucus, 

Tlie  peculiar  color  of  the  urine  is  due  to  the  presence  of 
Anitrogemzed  prineiple,  known  to  pliysiological  cheinists 
imder  a  tariety  of  names.  We  have  mentioned  it  in  the 
title  as  tUTOBacine.  It  is  also  called  nroehrome,  urohcema* 
tifte,  nroxanthine,  and  purpurine.  We  have  no  accurate 
iccotmt  of  its  ultimate  composition,  and  all  that  is  known 
aboot  it6  constituents  is  that  it  contains  carbon,  oxygen, 
ivilrogen,  and  nitrogen,  and  probably  iron/  Although  its 
exact  ultimate  composition  is  not  absolutely  settled,  its  con- 
.^tituents  are  supposed  to  be  the  same  as  those  of  tlie  coloring 
matter  of  the  blood,  the  proportion  of  oxygen  being  very 
mach  greater.  These  facts  point  to  the  probabiHty  of  the 
furraation  of  urrosacine  from  hseraatine. 

The  quantity  of  coloring  matter  in  the  normal  urine  is 
very  «nalh  It  is  subject  to  considerable  variation  in  disease, 
ifld  almost  always  is  fixed  by  deposits  and  calculi  of  uric 
acid  or  the  urates,  giving  them  their  peculiar  colon  This 
principle  first  makes  its  appearance  in  the  urine,  and  is  prob- 
ably formed  in  the  kidneys.  So  little  is  known  of  its  phys- 
iological or  pathological  relations  to  the  organism,  that  it 
does  not  seem  nece^ssary  to  follow  out  all  of  the  chemical  de- 
tails of  its  behavior  in  the  presence  of  difterent  reagents. 

The  normal  urine  always  contains  a  small  quantity  of 
mucus,  with  more  or  less  epitlieliura  from  the  urinary  pas- 
sages, and  a  few  leucocytes.  These  form  a  faint  cloud  in 
the  lower  strata  of  healthy  urine,  after  a  few  hours'  repose. 
The  properties  of  the  ditferent  kinds  of  mucus  have  already 
been  considered.*  An  important  pecidiarity,  however^  of 
the  mucus  contained  in  normal  nriue  is  that  it  does  not  seem 
to  excite  decomposition  of  the  urea,  and  that  the  uriue  may 
remain  for  a  long  time  in  the  bladder  without  undergoing 
any  putrefactive  change. 

A  Roiiix  WT  VsRDUi,  Chimie  anaiomiqu^^'F^tUy  1S63^  tome  liL^  p.  S9&. 
•  8<«p«se  OK 
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Gaee^  of  the  Urine. 

In  the  process  of  eeparation  of  the  urine  from  the  hloC^^ 
by  the  kidneys,  a  certain  proportion  of  the  gases  iii  solctiti  >^ 
in  the  eircuhxting  fluid  is  also  removed.     For  a  long  tim^5^ 
indeed,  it  has  been  known  that  the  normal  human  urine  con-^ 
tained  different  gases,  but  lately  some  very  interesting  oV 
Bervations  on  this  subject  have  been  made  by  M.  Morin,*  in 
which  the  proportions  of  the  free  gases  in  solution  have  ]>een 
accurately  estimated.     By  using  the  method  employed  by 
Magnus  in  estimating  the  gases  of  the  blood,*  Morin  was 
aide  to  extract  about  two  and  a  half  vohimes  of  gas  from  a 
hundred  parts  of  urine*     By  careful  ex|ieriments,  he  ascer- 
tained that  a  certain  quantity  of  gas  remained  in  the  urine, 
and  could  not  ho  extracted  by  his  ordinary  process.     This 
amounted  to  about  one-fifth  of  the  whole  volume  of  gas. 
Adding  this  to  the  quantity  of  gas  extracted,  he  obtained 
the  proportions  to  one  litre  of  urine,  in  cubic  centimetres, 
which  am  given  in  the  table,  viz. : 

Oxygen .,.*,.. 0-824 

Xitrogcn 0^ 

Carbonic  acid ,,  .,..♦,,, 19*6! 

These  proportions  represent  the  average  of  fifteen 
vations  upon  the  urine  secreted  during  the  night. 

The  i>roportion  of  these  gases  was  found  by  Morin  to  be 
subject  to  certain  viiriations.     For  example,  after  the  inge 
tiou  of  a  consideralde  quantity  of  water  or  any  other  liquid 
the  proportion  of  oxygen  was  considerably  increased 
0*824,  to  1'024),  and  the  carbonic  acid  was  diminished  mow" 

>  MoRiN^  Bfcfurrcft*A  »ur  hi  ^m  lihrtt  de  turwt^—Jonrtttd  4$  pkarmadt  if  A 

cAim»>,  rariB,  \M\,  tome  sir.,  p.  396,  ti  «eq, 

*  The  method  of  Magnus  as  applied  to  the  g&sca  of  the  tirim;  doc3  not  in- 
volve the  clcmenla  of  maccunicy  which  we  have  pointed  out  with  reference  to 
the  lilood  (ace  vol.  I,  Respiraliun,  p.  462);  for  in  the  urine  there  U  no  tendency 
to  the  disappcaranec  of  oxygen  and  the  fortnatlon  of  cnrbonic  acid,  such  aa  U 
due  in  the  blood  to  the  aetion  of  the  corpu§cles, 
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^^  one-half.  The  most  interestiDg  variations,  however, 
^cro  in  connection  ^"itli  muscular  exercise.  Alter  walking 
tloug  »iistanee,  the  exercise  being  taken  both  before  and 
after  eating,  the  quantity  of  carbonic  acid  was  found  to  be 
donUe  that  contained  in  the  urine  after  repose.  The  pro- 
imtion  of  oxygen  was  very  Blightly  dirniuished,  and  the 
Jiitrogen  was  somewhat  increased.  The  variations  of  theae 
pases,  however,  were  insignificant. 

3forin  explains  the  great  increase  in  the  proportion  of 
carlionic  acid,  by  the  greater  respiratory  acti%'ity  during 
eii'rcise.  It  h  well  known,  indeed,  that  muscular  exercise 
larjrely  increase;  the  proportion  of  carbonic  acid  in  the  blood 
and  the  quantity  eliminated  by  the  hings ;  and  as  the  car- 
Ixtnic  aeid  of  the  urine  is  undoubtedly  derived  from  the 
Hood,  we  should  expect  that  tlie  same  conditions  would  in- 
mhBe  its  proportion  in  this  secretion. 

It  is  not  probalile  that  the  kidneys  are  very  important  as 
eliiamators  of  carbonic  acid  fi'om  the  system,  but  it  is  cer- 
Uin  that  the  pre&ence  of  this  gas  in  the  urine  assists  in  the 
^j]ation  of  some  of  the  ealine  constituents  of  this  fluid,  no- 
tably the  phosphates. 

Variutions  in  the  Composition  of  the  Urine, 

The  urine  represents  in  its  varied  constituents  not  only 
a  great  part-i»f  the  physiological  disintegration  of  the  organ- 
lOTJ,  but  it  contains  elements  evidently  derived  ironi  the 
foo«L  Its  constitution  is  varying  with  every  different  con- 
ditian  of  nutrition,  with  exercise,  bodily  and  mental,  with 
sleep,  age,  sex,  diet,  respiratory  activity,  the  quantity  of  cu- 
taneous exhalation,  and,  indeed,  with  every  condition  that 
affects  any  part  of  the  systeni.  There  is  no  Huid  in  the  body 
tbat  contnins  such  a  variety  of  principles,  as  a  constant  con- 
dition,  but  in  which  the  proportion  of  these  principles  is 
variable.      It  is  for  this  reason  that  we  have  given  in 

table  of  the  composition  of  the  urine  the  ordinary  lim- 
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ita  of  variation  of  its  different  constituents;  and  it  baa 
been  found  necessary,  in  treating  of  the  individual  excre- 
ment itious  principles,  to  refer  to  some  of  the  variations  in 
tlicir  proportion  in  the  urine.  In  treating  mure  specially 
of  the  pliysiological  variations  of  the  urine,  we  shall  only 
refer  in  p^eneral  terms  to  conditions  that  produce  wide  and 
injpurtaiit  changes  in  the  proportion  of  its  constituents ;  and 
under  the  head  of  nutrition,  we  shall  consider  how  far  the 
absolute  rinantities  of  the  urinary  principles  and  otlier  ex- 
crementitions  substances  represent  the  physiological  waste 
which  is  always  coincident  with  the  repair  of  parts*  A  full 
and  complete  history  of  all  the  variations  in  the  urine  would 
be  inconsistent  with  the  scope  of  this  work/  ^i 

Varmtions  leith  Age  and  Sex, — Tliere  are  decided  dif- 
ferences in  the  composition  of  the  iirine  at  different  periods 
of  life  and  in  the  sexes.     These  must  depend  in  part  upon 
the  diflerent  conditions  of  nutrition  and  exercise,  and  in 
part  upon  differences  in  the  food.     Although  the  quantities 
of  excrement  it  ions  matters  present  great  variations,  tlieir  re- 
lations to  the  organism  are  not  materially  modified,  exoe] 
perhaps,  at  an  early  age ;  and  the  influence  of  sex  and 
is  merely  felt  as  they  affect  the  diet  and  general  habits 
life. 

It  is  stated  by  most  authors  that  the  urine  of  the  feet  us 
is  highly  albuminous  and  contains  no  urea;  but  examina- 
tions of  the  urine  in  the  fcetus  and  newly  barn  have  been 
go  few  that  we  know  very  little  rc^anling  its  constitution 
and  normal  variations.  The  researches  of  the  authorities 
on  this  subject,  quoted  by  Parkes,*  leave  the  question  of  the 
composition  of  the  urine  in  the  foatus  and  during  the  first 

*  For  more  extended  detAil^  of  the  Fariationa  of  the  urmc  in  health  and  dU- 
ease,  the  reader  is  referred  to  special  treatises.  Br,  Parkes  consider?  these 
points  rerr  fully,  (Park is,  The  Compoaition  of  tke  Urine  in  HtaUh  attd  Diwmm^ 
and  under  the  Action  o/Bem^ics^  London,  1859,  pp,  39-179.) 

•  Op,  dt^  p,  41^  ei»eq. 
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days  of  extra  nterine  life  still  uncertain.  In  a  specimen  of 
urine  taken  from  a  still-born  child  delivered  witli  forceps, 
examined  by  Drs,  Elliot  and  Isaacs,  the  presence  of  urea 
was  determined  beyond  a  doubt.  This  urine  was  of  a  palo 
straw-color,  like  clear  synip  in  consistence,  of  an  acid  re- 
action, and  a  specific  gravity  of  1007'5.  It  contained  neither 
sugar  nor  albumen.  Well-marked  crystals  of  the  nitrate  and 
of  the  oxalate  of  urea  were  obtained  from  this  specimen.* 
Dr.  Beale  found  nrea  in  a  specimen  taken  at  the  seventh 
month.' 

With  our  present  imperfect  knowledge  of  the  compo- 
sition of  the  urine  at  the  earliest  periods  of  existence,  it  is 
imposeible  to  deduce  any  conclusions  regarding  the  pro- 
duction of  the  excrementitious  principles  at  this  time ;  and 
it  would  be  unprofitable  to  detail  the  unsatisfactory  and 
conflicting  examinations  to  be  found  in  works  devoted  spe- 
cially to  the  urine. 

Observations  upon  children  between  the  ages  of  three 

End  seven  are  more  definite.  At  this  period  of  life,  the 
Bnount  of  area  excreted  in  proportion  to  the  weight  of  the 
body  is  about  double  that  in  the  adult.  The  amount  of  chlo- 
rine in  children  is  about  three  times  the  quantity  in  the 
gdolt ;  and  the  proportionate  amount  of  other  solid  matters 
vilso  greater.  The  amount  of  water  excreted  by  the  kid- 
sejB  in  children,  in  proportion  to  the  weight  of  the  body,  is 
irery  much  greater  than  in  the  adult,  being  more  than  double. 
From  eight  years  of  age  to  eighteen,  the  urinary  excretion 
beoomies  gradually  reduced  to  the  adult  standard/  It  has 
been  noticed  by  GaUois,  that  crystals  of  oxalate  of  lime  are 
miieh  more  frequent  in  the  urine  of  children  between  four 
and  fourteen  years  of  age  than  in  the  adult.* 

*  BLUOTf   Vrine  m  F(ti^  Ufe. — Amtrlcan  JoiLrml  of  tka  Mtdkal  8eimce$^ 
PldliddpbiA,  ISft7i  Sew  Series,  vot,  xxxiil.,  p.  555. 

*  Bkals,  Midtujf  DUta^tt^  Urinary  D^otUt^  and  Calculoua  DUordert^  PMl*^ 
1869,  p,  125. 

*  pABua,  op.  cil.,  pp.  44,  45. 

*  GalloiS)  Ik  t9»ihU  ds  ehaux^  PkriB,  1859^  p.  11. 
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There  are  not  many  definite  observations  on  record  upon 
tlie  composition  of  the  urine  in  the  latter  periods  of  life.  It 
has  been  shown,  however,  that  there  is  a  decided  diminution, 
at  this  period,  in  the  excretion  of  urea,  and  that  the  al>8olute 
quantity  of  the  nrine  is  somewhat  smaller* 

The  absolute  quantity  of  the  urinary  exeretion  in  women 
ig  less  than  in  men,  and  the  same  is  true  of  the  proportionate 
amount  of  these  principles  to  tlie  weight  of  the  body  ;  still, 
the  differences  in  the  proportionate  excretion  are  not  very 
marked,  and  the  amount  of  all  these  principles  being  subject 
to  modifications  from  the  same  causes  as  in  men,  the  email 
deficiency,  in  the  few  direct  observations  upon  record,  may 
be  in  part,  if  not  entirely,  exi»lained  by  the  fact  that  women 
usually  perform  less  mental  and  physical  work  than  men, 
and  that  their  digestive  system  is  generally  not  80  actives. 


i 

i 
i 


Vari'fiiians  at  Different  Seasons,  and  at  Different  Peri — Tj 

ods  of  the  Day, — The  changes  in  the  quantity  and  com 

position  of  the   urine  which  may  be  directly   referred  to 
the  conditions  of  digestion,  temperature,  sleep,  exerc 
etc.,  have  long  been  recognized  by  physiologist* ;  but  it  is 
difficult,  if  not  impossible,  so  to  separate  these  influences^ 
that  the  trne  modifying  value  of  each  can  be  fully  appre- 
ciated.    For  example,  there  is  nothing  which  procbices  sucli 
niarkal  variations  in  the  composition  of  the  lu-ine  as  the 
digestion  of  food.     So  marked,  indeed,  is  ite  influence,  that 
some  writers   of  authority  incline   to   the  belief  that  the 
greatest  part  of  what  have  been  regarded  as  the  most  im- 
portant excrementitiouB  matters  is  derived  from  the  food, 
and  not   from   physiological  disintegration   of  the  tissueiw 
Under  strictly  physiological  conditions,  the  modifying  in* 
fluence   of  digestion   must  always  complicate  observations  i 
upon   the  effects  of  exercise,  sleep,  season,  period   of  the 
day,  etc. ;  and  the   urine  is  continually  varying  in  healthJ 
with  the  physiological  modifications  in  tiie  other  pr 
and  conditions  of  life.     It  will  be  sufficient  for  our  pi 
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to  note  tlie  most  important  of  these  variations  and  endeavor 
to  appreciate  the  conditions  which  combine  to  produce  them, 
'designing  to  each  one  iU  proiier  value. 

At  different  seasons  lof  the  year  and  in  different  climates, 
tie  urine  presents  eeutain  variations  in  its  quantity  and  com- 

sition.     It  seemd  qp<J|ssary  that  a  tolerably  definite  qnan- 

kity  of  water  sboultl;  be  discliarged  from  the  body  at  all 

tijjiee ;  and  when  the^temperatnre  or  hygrometric  condition 

^  tlie  atmosphere  is  favorable  to  the  action  of  the  skin,  as 

a  warm,  dry  climate,  the  quantity  of  water  in  the  urine  is 
<liniini&hed,  and  its  proportion  of  solid  matters  correspond- 
ngiy  increased*  On  the  other  hand,  the  reverse  obtains 
Hien  the  action  of  the  skin  is  diminished  from  any  can^^e. 
This  fact  18  a  matter  of  common  remark,  as  well  as  of  scien- 
tific observation. 

At  different  periods  of  the  day,  the  urine  presents  con- 
6t«nt  and  important  variations.  It  is  evident  that  the  spe- 
cific gravity  mast  be  coastuntly  varying  with  the  proportion 
uf  water  and  solid  constituents.  According  to  Dalton,  the 
<iriae  first  discharged  in  the  morning  is  dense  and  liighly  col- 
ored; that  passed  during  the  forenoon  is  pale  and  of  a  low 
specific  gravity ;  and  in  tlie  afternoon  and  evening  it  is  again 
fcply  colored,  and  its  specific  gravity  is  increased/  The 
acidity  is  also  subject  to  tolerably  definite  diurnal  variationfl, 
winch  have  already  been  noted.* 

VarmUons  produ^^d  hy  Food.—kn  immense  number 
of  observations  have  been  made  upon  the  infiuenee  of  ordi- 
nary food,  and  upon  diet  restricted  to  pailicular  articles. 
These  facts  have  necessarily  been  considered  more  or  less 
folly  in  connection  with  the  origin  of  the  urinary  constit- 
uents; but  it  is  hnportant,  in  etudyiog  the  influence  of  mus- 
cular exercise,  mental  effort,  etc.,  to  constantly  bear  in  mind 
the  variations  occurring  under  the  influence  of  the  ingesta. 

•  Daltox,  a  7y&ati»e  an  Human  Physhloffy^  Philadelphia,  1867,  p.  335. 
tS«ep&ge  190. 
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Water  and  liquids  generally  always  increase  the  propor- 
tion of  water  in  tlie  urine  and  diminish  the  specific  gravity* 
This  is  BO  marked  after  tlie  ingestion  of  large  quantities 
of  liquids,  that  t!io  nriue  passed  under  these  conditions  i& 
sometimes  spoken  of  by  physiologists  b&  the  ttrina  polite^ 
This  must  be  borne  in  mind  in  clinical  examinations  of  the 
nrine.  It  is  a  curious  fact,,  however,  that  when  an  excess  of 
water  has  been  taken  for  purposes  of  experiment,  the  diet 
being  carefully  regulated,  the  absolute  amount  of  solid  mat- 
ters excreted  is  considerably  increased.  This  is  particularly 
marked  in  the  urea,  but  it  is  noticeable  in  the  snlphates  and 
phosphates,  though  not  to  any  great  extent  in  the  chlorides. 
The  results  of  experiments  on  this  point  seem  to  show  that 
water  taken  in  excess  increases  the  activity  of  disassimi- 
lationJ 

The  ordinaiy  meals  invariably  increase  the  solid  constit- 
uents of  the  nrine ;  the  most  constant  and  uniform  increase 
being  in  the  proportion  of  urea.  This,  however,  depends  to 
a  great  extent  upon  the  kind  of  food  taken.  The  inerefiSd 
is  usually  noted  dnring  the  first  hour  after  a  meal,  and  at- 
tains its  maximum  at  the  third  or  fonrth  hour.  The  inor- 
ganic matters  are  increased,  as  well  as  the  excrementitious 
principles  proper.  The  urine  passed  after  food  has  been 
called  urlna  ciUy  under  the  idea  that  it  is  to  be  distinguished 
from  the  urine  supposed  to  be  derived  exclusively  from  disas- 
similation  of  the  body,  the  ttrina  mnguinh. 

It  is  an  interesting  and  important  question  to  determine 
the  infiuenco  of  diflerent  kinds  of  food  upon  the  composition 
of  the  urine,  particularly  the  comi^arative  effects  of  a  nitrogen- 
ized  and  a  non-nitrogenized  diet.  Lehmann  has  made  some 
very  striking  observations  upon  this  point,  and  his  results  have 
been  fully  confirmed  by  many  other  physiologists  of  author- 
ity. Without  discussing  elaborately  all  of  these  obsarvations, 
it  is  sufficient  to  state  that  the  ingestion  of  an  excess  of  ni- 
trogenized  principles  always  produced  a  great  increase  in 

^  Pabees,  op.  cii.^  p.  67,  d  »fq, 
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the  proportion  of  the  nitrogenized  constituents  of  the  urinOj 
partlcQiarly  the  urea*  On  a  non-nitrogen  ized  diet,  the  pro- 
portioQ  of  iu*ea  was  found  to  be  diminished  more  than  one- 
hii  The  results  of  the  experiments  of  Lehmann  are  bo 
striking  that  we  quot^  them  in  full : 

"Aly  experiments  show  that  the  amount  of  urea  which 

k  excrcfted  is  extremely  dependent  on  the  nature  of  the 

fcod  which  has  been  previouslj  taken.     On  a  purely  animal 

diet,  or  on  food  very  rich  in  nitrogen,  there  were  often  two- 

I   ^lis  more  urea  excreted  tlian  on  a  mixed  diet;  while,  on  a 

^Rliixed  diet,  there  was  almost  one-tliird  more  than  on  a  pnrely 

T^table  diet ;  while,  finally^  on  a  non-nitrogenous  diet,  tlie 

amount  of  urea  was  less  than  half  the  quantity  excreted 

daring  an  ordinary  mixed  diet. 

"In  mj  experiments  on  the  influence  of  various  kinds  of 
food  on  the  animal  organism,  and  espeeially  on  the  iirinej  I 
wrived  at  the  above  results,  which  in  mean  numbers  may  be 
eiprefleed  as  follows:  On  a  well-regulated  mixed  diet  I  dis- 
Ailged,  in  twenty-four  hours,  32*5  grammes  of  urea  (I  give 
tbemean  of  fitTteen  observations);  on  a  pm*ely  animal  diet, 
53'3  grammes  (the  mean  of  twelve  observations) ;  on  a  vege- 
table dietj  22'5  grammes  (the  mean  of  twelve  observations) ; 
•nd  on  a  non-nitrogenous  diet,  15*4  grammes  (the  mean  of 
three  observations)."  * 

With  regard  to  the  influence  of  food  upon  the  inorganic 
constitnents  of  the  urine,  it  may  be  stated  in  general  terms 
ttkat  the  ingestion  of  mineral  substances  incre^es  their  pro* 
portion  in  the  excretions.  We  have  already  alluded  to  this 
fact  in  treating  of  the  diflerent  inorganic  salts. 

There  are  certain  articles  which,  M'hen  taken  into  the 
fystem,  the  diet  being  regular,  seem  to  retard  the  process  of 

*  LsamASns,  I^^oicffkal  Chrmixtry,  Phlladelpliia,  1855,  voL  i.»  pp.  l&O,  151. 

These  rasulti  arc  rerj  importnnt  in  their  benj-ing  upon  the  treatujCDt  of 
em««s  of  ttnictunl  disease  of  tbe  kidnc^js  \  as  thej  indicate  bow,  by  turtffuUj 
regulmtlng  the  diet,  we  maj  dhDUjish  the  quimtUf  of  urea  produced  m  the  sjs- 
tffii,  iruhout  afiectlDg  tbe  general  beultb. 


disaseimilation  ;  or,  at  least,  they  diiainish,  in  a  marlcoil  man- 
ner, the  amount  of  matters  excreted,  particularly  the  urea. 
Alcohol  has  a  very  decided  influence  of  this  kind.  Its  ac- 
tion may  be  modified  by  the  presence  of  gaits  and  other 
matters  in  the  diflerent  alcoholic  beverages,  but  in  nearly  all 
direct  experiments,  alcohol,  either  taken  under  normal  con- 
ditions of  diet,  when  the  diet  is  deficient,  or  when  it  is  in 
excess^  diminishes  the  excretion  of  urea*  The  same  is  true 
of  tea  and  eofiee.' 


Inflnence  of  Mit^eular  Exercise. — There  can  be  no  doubt 
that  muscular  exercise,  under  ordinary  conditions  of  diet,  in- 
creases the  proportion  of  many  of  the  solid  constituents  of 
the  urine,  particularly  the  nrea.  It  is  imixjssible  to  come 
to  any  other  conclusion,  after  studying  the  elaborate  research- 
es of  Lehmaim,*  Liebig,'  and  others  upon  this  snbject.  It 
must  l»e  remembered,  in  considering  tlie  eftects  of  exercise 
upon  tlie  elimination  of  excrementitious  matters,  that  the 
modifications  in  the  urine  produced  by  food  are  very  consid- 
erable. We  have  piii"pose1y  considered  the  influence  of  food 
befure  taking  up  other  modifying  conditions,  so  as  to  make 
apparent  an  important  element  of  error  in  some  recent  ob- 
servations, which  are  at  variance  with  the  prevailing  ideaa 
on  this  subject.  When,  for  example,  it  has  been  shown  that 
restriction  to  a  non-nitrogenous  diet  will  immediately  dimin- 
ish the  daily  elimination  of  urea  more  than  one-half,  it  is 
evident  that  the  diet  must  always  be  fully  considered  in  ex- 
periments upon  the  eff'ects  of  exercise  or  other  modifying 
circumstances. 

There  is  another  important  point,  also,  which  is  not  al- 
ways taken  into  consideration  in  comparative  observatiouft 

*  This  subject  hfts  already  been  considered  under  the  lioi4  of  AUmeoutioti, 
See  vol  ii.,  AliTncaUtioii,  p,  102,  <^  wj. 

*  LuillANN,  Fh^Uogieai  Chrmi^nf^  rfaiUdi^lphtl,  IS&S,  ToL  1.^  p.  tAl. 
'  LriBto,  The  Stmrct  of  Mugeutar  Power. '^The  Pkarmateuitcttl  J<mmai  and 

Trfimadiofu,  London,  1870,  Third  Series^  part  ii.,  p.  161,  and  part  ill,  pp,  ISl, 
801,  2S1. 
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^upoa  the  absolute  quantltied  of  urea  eliminated  during  exer- 
)and  repose,  and  that  is  the  eljminatioii  of  this  principle 

^T  the  cutaneous  surface.  We  have  ah-eady  seen  that  urea 
id  a  L'tmstant  constituent  of  the  sweat.  Speck,  who  found 
that  exercise  usual]  j  increased  the  elimination  of  excremen- 
titious  matters,  noted  the  fact  that  urea  was  not  increased  in 
tie  urine  when  the  sweat  was  very  abniidant/ 

The  very  elaborate  analysis  of  the  principal  observa- 
ticKte  on  this  snbject  by  Parkes  shows  the  discrepancies  in 
tlw  experiments  of  different  authors,  and  points  out  several 
of  the  sources  of  error.'  The  weight  of  experimental  evi- 
«lence  at  that  time  w^as  decidedly  in  favor  of  an  increase  in 
tk  elinunation  of  urea  by  exercise ;  and  the  observations 
oppceed  to  this  view  involved  inaccuracies  which  would  ex- 
plain, in  part  at  l^ist,  the  contradictory  results  obtained. 
Lately,  new  observations  Iiave  been  made,  which  arc  assumed 
by  some  to  show  au  actual  diminution  by  exercise  in  the 
luautity  of  urea  excreted.  Fick  and  WislicenuB,'  Frank- 
laad,*  and  Uaughton '  have  attetiipted  to  show  that  this  is 


*  SficOL,  Ueber  die  Wirkunij  drr  bt«  zitr  Ennudurtg  gentt'ujcrten  korperlkhpn 
^^utrm^ftff  unttr  verKhiaienen   Vtrfuildt'^Mfn  atif  tlt^n  Sto^wtchjtel, — Arthiv  *i*r 

'  PiKKic^,  The  Cotnpo^itioii  of  tht  Urine,  London,  ]8iK>,  p.  86,  d  atq.  Dr. 
P^rl««  hna  miide  some  tntorciiting  observational  since  the  ptiblicniion  of 
«ia  work  on  the  urine,  upon  the  influence  of  luuscuJar  excrciHe,  under  a  non- 
■^trogfiious  dtct^  upon  the  tliminudon  of  urea.  He  found  the  amount  of  nitrogen 
Ui  ibe  eicret*  nlighth'  increased  over  the  amount  eliminutod  during  m  period 
<*f  t?*t,  on  the  same  diet  The  elimiaation  by  the  skin  iind  intestines  was  taken 
inioiecounl  in  lhe9e  experiments.  PxiKKJES,  On  (he  Elimination  of  Nifro<f^n  h\j 
tfcp  Kii^^^  and  fniesiirtts^  durittf/  Mf*f  tiftd  J5af/Tvi*<J,  on  n  Diet  mt/miU  XUrcKjefi, 

— h^medin^n  aftht  Royal  Soaeti/^  London,  1867»  vol  xv,^  No.  89,  p.  339,  M  ttq, 
'  I^ICK  Axn  Wi^Lii'ENCfi,  On  the  Origin  of  Muscular  Power, — London^  Edin^ 

hm^  ^^  Jhtldin  Fluhmtphl&d  MnffOMine^  London,  Jan^-JuLe,  ISttti,  toL  xxzL, 

^Fu^KLASTT),  On  thg  Origin  of  Muscular  Poum-flhld^  July-Dec.,  18ftfl|  vol 
«xt,  p.  182,  a  ttq. 

*  Uitr.gTO?!,  Addreu  on  tht  RdatioH  of  Food  to  Work  done  by  the  Body^  and 
*^3imvig  ttpon  Medical  Pradlce.—  The  Lancet,  London,  Aug.  15,  Aug.  22,  «nd 


<i 


i^ifai 


EXCRETIOK, 


the  factj  and  have  come  to  tJae  conclasion  that  mascular 
force  involves  chiefly  the  confiuinption  of  noo-nitrogenoTiB 
principles  and  the  jiroduction  of  carbonic  acid.  While  the 
experiments  on  this  subject  have  been  bo  meagre,  it  would 
be  miproJitahle  to  enter  into  an  elaborate  discussion  of  their 
ineritB,  particularly  as  the}^  have  not  been  directed  speciallj 
to  the  influence  of  exercise  upon  the  composition  of  the 
urine,  but  to  the  amount  of  muscular  power  developed  by 
diiierent  kinda  of  food.  This  subject  has  not  been  reduced 
to  euch  an  absolute  certainty  that  w©  are  able  to  calculate 
mathematically  the  heat-units,  the  digestion-coefficients,  and 
the  amount  of  "  work  "  jiroduced  by  any  given  quantity  of 
food ;  and  such  calculations  cannot,  as  yet,  take  the  place  of 
actual  experimental  observations.  What  we  want  to  know 
is  the  measurable  intluence  of  muscular  exercise  upon  the 
proportion  of  certain  of  the  constituents  of  the  urine,  under 
normal  alimentation,  every  other  modifying  condition  being 
taken  into  account.  There  can  be  no  doubt  that,  with  ordi- 
nary mixed  diet,  the  elimination  of  urea  is  increased  by  exer- 
cise. Fick  and  Wislicenus  made  their  observations,  extend- 
ing over  a  period  of  between  one  and  two  days,  under  a  diet 
of  non-nitrogenized  matter ;  and  Prof.  Haughton  compared 
his  observations,  made  in  July,  with  an  average  of  experi- 
ments made  at  diflerent  seasons,  taking  no  account  of  the 
action  of  the  skin.  It  may  be  true  that,  with  a  purely  non- 
nitrogenous  diet,  exercise  fails  to  increase  the  quantity  of 
urea  eliminated  by  the  kidneys,  as  appears  from  tlie  observa- 
tions of  Fiek  and  Wislicenus;  but  farther  experiments  are 
necessar}'  to  settle  even  this  point ;  and  recent  observations 
by  Parkes  show  that  this  is  not  always  the  case.' 

With  regard  to  the  influence  of  muscular  exercise  upon 
the  other  constituents  of  the  urine,  experiments  are  some- 
what contradictory.  Sometimes  the  water  is  lessened,  and 
sometimeB  it  is  increased ;  this  probably  depending  upon  the 
activity  of  the  cutaneous  exhalation.    Sometimes  the  uric 


rASIATUmB  IN  THE  UBINE. 


&cnd  is  iQcreased,  and  sometimes  diminished.    The  sulphates^ 
pliosphates,  and  chlorides  are  generally  increased. 

The  general  result  of  experimental  observations  on  the 
effects  of  exercise  upon  the  urine  may  be  summed  up  in  the 
proposition  that  this  condition  increases  the  acti\nty  of  the 
nutritive  processes,  and  produces  a  corresponding  activity  in 
tie  function  of  disafisimilation,  as  indicated  by  the  amount 
of  exerementitious  matters  separated  by  the  kidneys.* 

Since  the  above  has  been  written,  we  have  had  an  oppor- 
tonity  of  settling  detinitely  the  vexed  question  of  the  inJiu* 
ence  of  muscular  exercise  upon  the  elimination  of  nitrogen,' 
In  1871,  we  made  an  exceedingly  elaborate  series  of  obser- 
vations upon  Mr,  Weston,  the  pedestrian.     Of  the^e  we  can 
oulj  give  here  a  brief  summary.     Mr.  Weston  walked  for 
ive  consecutive  days  as  follows :  First  day,  92  miles ;  second 
^T»  80  miles;  third  day,  57  miles;  fourth  day,  48  miles; 
Mil  day,  40^  miles.     The  nitrogen  of  the  food  was  com- 
|ared  with  the  nitrogen  excreted  for  three  periods;  viz., 
Are  days  before  the  walk,  five  days  walking,  and  five  days 
rter  the  walk.    A  trusty  assistant  was  'with  Mr.  Weston 
^y  and  night  for  the  fifteen  days  ;  the  food  was  weighed 
«nd  analyzed ;  the  excreta  were  collected  ;  and  other  obser- 
vations were  made  during  the  entire  period.     The  analyses 
*ere  made  independently,  under  the  direction  of  Prof.  R.  O. 

'Dt  J,  C.  Draper  made^  in  ISfSS^  i  number  of  obserrations  upon  the  idAu* 

•fipof  «crcl«e  on  the  excretion  of  urea,  from  which  he  cotioluiled  that  rest  does 

li^dinilaUh  thi*  eieretioji,  and  that  exercii»e  doea  not  iiicrea4?e^  but  actually 

I*"**!  file  qiiantity  diachAiiged,     These  concluaiona  are  arrived  at  bj  compar- 

^the  iraaunt  of  urea  excreted  hy  a  patient  confined  to  the  bed  with  a  fmo- 

tivvd  1^,  with  the  average  of  eighteen  obsenrations  npon  other  peifiona.    The 

ttoamrj  exp<nimental  conditions  are  no  better  fulfillt'd  in  the  other  observa- 

tloMiliiii  Id  ibis,  and  the  concltisionH  arrived  ai  cannot  tberefore  be  accepted, 

In  OppadtSon  to  the  ac<!urate  experiments  of  other  obserrerB  (DaAPKR,  i^  JAis- 

mfar  Moti0n  ifie  Came  of  the  PrcdueHon  of  Urea  f^New  York  Journal  of  Medu 

tim,  183«,  New  Scriesf,  vol  xri.,  p,  165,  et  aeq, 

*fLiST,  Ja,,  On  the  Phj/»ioloffical  EffecU  of  Sevtrt  and  Proiradrd  Mutettiar 
£wretar«  m£h  ^p^cuMl  Beferenee  to  its  Infuenct  upon  the  Excretion  of  HUirogen^^' 
JTew  Tmh  MtfMcal  Journal^  18T1,  Tol  xlii.,  p.  609,  ^  teq. 
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Doremus,  who  had  no  idea  of  the  results  until  we  had  classi- 
fied and  tibulated  them.  The  conehisions  were  most  de- 
cided, and,  as  far  as  possible,  al!  the  physiulogieal  conditions 
were  fulfilled.  As  regMrds  the  proportion  of  nitrogen  elimi- 
nated to  the  nitrogen  of  the  food,  the  general  results  were 
as  follo\^'ei : 

For  the  five  days  before  the  walk,  with  an  average  exi 
cise  of  about  eiglit  miles  daily,  the  nitrogen  eliminated  wi 
95*53  partd  for  100  parts  of  nitn:»gcn  ingested.     For  the  five 
days  of  the  walk,  for  every  hundred  parts  of  nitrogen  ingest^ 
ed,  there  were  discharged  174'S1  parts.     For  the  five  da; 
after  tlie  walk,  when  there  was  hardly  any  exercise,  for  evei 
hundred  parts  of  nitrogen  ingested,  there  were  dischar/ 
91*93  parts.     During  the  walk,  the  nitrogen  excreted  was 
in  direct  ratio  to  the  amount  of  exercise ;  and,  what  was  still 
more  striking,  the  excess  of  nitrogen  eliminated  over  tl 
nitrogen  of  food  almost  exactly  corresponded  w  ith  a  cali 
ktion  of  the  nitrogen  of  the  muscular  tissue  wasted,  as  esti- 
mated frc>m  the  lo&s  of  weight  of  tlie  body.     Full  details  of 
the  method  of  investigation,  the  processes  empli>yed,  etc.,  are 
given  in  the  original  paper. 
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Injlnefice  of  Mental  Eterticn. — Although  the  influence 
of  mental  exertion  upon  the  composition  of  the  urine  has 
not  been  \qy\  much  studied,  the  results  of  the  investigations 
which  have  been  made  upon  this  subject  are,  in  many  re- 
gards, quite  satisfactory.  It  is  a  matter  o(  common  remark 
that  the  secretion  of  urine  is  very  often  modified  to  a  very 
great  extent  through  tlie  nervous  system.  Fear,  anger,  and 
various  violent  emotions  sometimes  produce  a  sudden  and  co- 
pious secretion  of  urine  containing  a  large  amount  of  watei 
and  this  phenomenon  is  very  often  obsen^ed  in  cases  of  li 
teria.  Very  intense  mental  exertion  will  occasionally  p; 
duce  the  same  result.  We  have  often  observed  a  frequen^ 
desire  to  urinate  during  a  few  hours  of  intense  and  unre- 
mitting mental  labor ;   and  on  one  occasion  being 
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with  tlie  aiiiount  of  urine  voided,  it  was  found,  on  exami- 
nation, to  preseiit  scarcely  any  acidity  and  a  specific  gravity 
ofaliotit  1UM2.  The  interesting  point  in  this  connection, 
however^  is  to  observe  tlie  influence  of  mental  labor  upon 
tlie  elimination  of  solid  matters,  as  contrasted  with  the 
amount  of  excretion  during  complete  repose,  the  condi- 
tions of  alimentation  in  the  two  instances  being  identieaK 

In  a  very  interesting  work  upon  the  intlueuce  of  cere- 
bral actiipHty  upon  the  composition  of  the  urine,  Byasson 
found  that  by  mental  exertion  the  quantity  of  urine  was  in- 
t^neised ;  the  amount  of  urea  was  ako  increased  ;  the  phos* 
phoric  acid  was  increased  about  one-third ;  the  sulphuric 
add  was  more  than  doubled ;  and  the  chlorine  was  nearly 
doubled/ 

Theee  facts  have  an  important  bearing  upon  our  knowl- 
edge of  the  effects  of  mental  exertion  n\ion  the  process  of 
diaigaimilation  of  the  nervous  tissue.  They  show  that  nearly 
*11  of  the  solid  principles  contained  in  the  urine  are  in- 
creased in  quantity  by  prolonged  intellectual  exertion,  but 
they  fail  to  point  to  any  one  excrementitious  principle,  either 
organic  or  inorganic,  which  is  specially  connected  with  the 
pV     "  *     u-al  wear  of  the  brain.     It  has  been  assumed  that 

eL n  of  the  phosphates,  increased  out  of  proportion 

to  the  increase  of  the  other  solid  matters  of  the  urine,  is  one 
of  the  constant  effects  of  intellectual  effort ;  but  this  view 
not  sustained  by  direct  physiological  experiments,  or  by 
6  in  pathology.  We  have  already  discussed  this  question 
somewhat  elaborately,  under  the  head  of  the  phosphates  of 
the  urine.* 


*  BYAesojCf  Emai  ntr  la  relatimi  qui  emMe  d  tMtU  phifmofo<fiqu0  entre  raetiviU 

df  et  la  t*$mpfmfiOfi  den  urine/t^  Paris,  1868^  p.  49,  Tiible* 
TBCDtCBDi  i  Pathology  of  Oie  Urinr^  London,  1858»  pp,  1^3,  lfi4)  noted  b 
i  increase  in  the  ejterementiti©U!j  coiifltittient«  of  the  urine  rceulting  from 

'Seep.  216. 


CHAPTER  Vm. 

PHYSIOLOGICAL  ANATOMY  OF  THE  LIYEB. 

Corerings  and  ligaments  of  the  liTer— Capsule  of  Glisson— Lobules — Branches 
of  the  portal  vein^  the  hepatic  artery  and  duct— Interlobular  Teesels — Lob- 
ular vessels — Origin  and  course  of  the  hepatic  veins — ^Interlobular  vdns— 
Structure  of  a  lobule  of  the  liver — Hepatic  cells — ^Arrangement  of  the 
bile^ucts  in  the  lobules — ^Anatomy  of  the  elcretory  biliary  passages — 
Vasa  aberrantia — Gall-bladder— Hepatio,  cysUc,  and  common  ducts — 
Nerves  and  lymphatics  of  the  liver — Mechanism  of  the  secretion  and  dis- 
charge of  bile— Secretion  of  bile  from  venous  or  arterial  blood — Quantity 
of  bile — ^Variations  in  the  flow  of  the  bile — Influence  of  the  nervous  sys- 
tem on  the  secretion  of  bile — Discharge  of  bile  from  the  gall-bladder. 

The  liver,  by  far  the  largest  gland  in  the  body,  is  now 
known  to  have  several  entirely  distinct  functions ;  and  one 
of  the  most  important  of  these  has  abeady  been  fully  con- 
sidered, in  connection  with  digestion.*  It  is  true  that  we 
know  very  little  with  regard  to  the  exact  oflSce  of  the  bile  in 
digestion,  but  that  this  function  is  essential  to  life,  there  can 
be  no  doubt.  We  have,  however,  more  positive  information 
with  regard  to  the  excrementitions  function  of  the  liver  and 
the  changes  which  the  blood  undergoes  in  passing  through 
its  substance ;  and  the  study  of  these  functions  is  closely 
connected  with  the  anatomy  of  the  liver  and  the  chemical 
constitution  of  the  bilfe. 

PhyHological  Anatomy  of  the  Liver. 

It  is  unnecessary,  in  this  connection,  to  dwell  upon  the 
ordinary  descriptive  anatomy  of  the  liver.     It  is  sufficient 

>  See  vol.  ii.,  Digestion,  p.  860,  d  9eq, 


I 


PHTSIOLOOICAI*  Ali^ATOMT    OF  THE    UTEB.  233 

to  state  that  it  is  situated  just  below  the  diaphragm,  in  the 
Hgiit  liypochondriae  region,  and  is  the  largest  gland  in  the 
tiKJv,  weighing,  when  moderately  filled  with  blood,  about 
fi'Ur  and  a  half  pounds.     Its  weight  is  somewhat  variable, 
bat  it  is  stated  by  Sappey  that  in  &  person  of  ordinary  adi- 
pose development,  its  proportion  to  the  weight  of  the  body 
^  about  one  to  thirty,'    In  early  life,  the  liver  is  relatively 
larger,  its  proportion  to  the  weight  of  the  body,  in  the  new- 
Iwm  child,  being  as  one  to  eighteen  or  twenty/ 

The  liver  is  covered  externally  by  peritoneum,  folds  or 
dupllcatures  of  this  membrane  being  formed  as  it  passes  from 
the  Borlaee  of  the  liver  to  the  adjacent  parts.  These  consti- 
tute four  of  the  so-called  ligaments  that  hold  the  liver  in  place. 
The  proper  coat  of  the  liver  is  a  very  thin,  but  dense  and  resist- 
ing fibrous  membrane,  adherent  to  the  substance  of  the  organ, 
but  detached  without  much  difficulty,  and  very  closely  united 
to  the  peritonenm.  This  membrane  is  of  variable  thickneBS 
at  different  parts  of  the  liver,  being  especially  thin  in  the 
groove  for  the  vena  cava.  At  the  transverse  fissure  it  sur- 
rounds the  duct,  blood-vessels,  and  nerves,  and  penetrates 
the  substance  of  the  organ  in  the  form  of  a  vagina,  or  sheath, 
BtUTOimding  the  vessels  and  branching  with  them.  This 
membrane,  as  it  ramifies  in  the  substance  of  the  liver,  is 
called  the  capsule  of  Glisson.  It  will  be  more  fully  described 
in  connection  with  the  arrangement  of  the  hepatic  vessels. 

The  sulistance  of  the  liver  is  made  up  of  innumerable 
lobules,  of  an  irregularly-ovoid  or  rounded  form,  and  about 
-s^  of  an  inch  in  diameter.    The  space  which  separates  these 

*8lFprr,  TVaiti  tTanatomit  deserijtiivf^  Purii,  1857,  tome  il,^  p,  261.  Sappey 
m*^  »  tmmber  of  exAminfttiona  of  the  weight  of  tlie  normiLl  liTer,  with  the  yea- 
•^  laodermtelx  diff tended  with  water,  iii  order  to  repreaent,  m  a  mcaaure,  its 
pfcjiioUjgictI  conditioiL  He  eatimnted  the  weight  from  the  avemge  of  ten  Iit- 
Mittkai  from  boUi  iexe<  and  &t  differ eut  ages  after  adolt  11  fe,  at  two  kil,  or 
•bwit  f<)«r  and  a  half  pounds.  The  weight  of  the  Utct  with  the  Tessels  empty 
'*  iboot  three  and  one-third  ponnds* 

*  Wosox,  O^dopadia  of  Anatomy  and  Fh^iolofftf^  London,  1 839-4  T,  roL  ULp 
>VtB»liticl^  Uett, 


284 


EXCRETION, 


lobules  is  about  one-quarter  of  the  diameter  of  tlie  lobule, 
and  is  occupied  with  the  blood-vessels,  nerves,  and  ramifica- 
tions of  the  liepatie  duct,  all  enclosed  in  the  fibrous  sheath. 
In  a  few  animals,  as,  for  example,  tlie  i>ig  and  the  polar-bear, 
the  division  of  the  hepatic  substance  can  be  readily  made 
out  with  the  naked  eye ;  but  in  man  and  in  most  of  the 
mammalia,  the  lobules  are  not  so  dititiuct,  though  their  ar- 
rangement is  essentially  the  same.  Although  the  lobules 
are  intimately  connected  with  each  other  from  the  fact  that 
branches  going  to  a  number  of  different  lobules  are  given  off 
from  the  same  interlobular  vessels,  they  are  sufficiently  dis- 
tinct to  represent,  each  one,  the  general  anatomy  of  the 
secreting  gubstance  of  the  liver ;  but  before  we  study  the 
minute  structure  of  the  lobules,  it  will  be  convenient  to  fol- 
low out  the  course  of  the  vessels  and  the  duet,  after  they 
have  penetrated  at  the  transverse  fissure.  In  this  descxip- 
tion  we  will  follow,  in  the  main,  the  observations  of  Kieman, 
who  has  given,  prri!>ably,  the  most  acctirate  account  of  the 
vascular  arrangement  in  tlie  liver.* 

At  the  transverse  fissure,  the  portal  vein,  collecting  the 
blood  fi^om  the  abdominal  organs,  and  the  hejiatic  artery,  a 
branch  of  the  cceliac  axis,  penetrate  the  substance  of  the 
liver,  Math  the  hepatic  duct,  nerves,  and  lymphatics,  all  en- 
veloped in  tlie  fibrous  vagina,  or  sheath,  known  as  the  cap- 
sule of  Glisson/  The  portal  vein  is  hj  far  the  larger  of  the 
two  blood-vessels,  and  its  caliber  may  be  rougldy  estimated 
at  fii'om  eight  to  ten  times  that  of  the  artery. 

The  vagina,  or  capsule  of  Glifison,  is  eoraposed  of  fibrous 
tissue,  in  the  form  of  a  dense  membrane,  closely  adherent  to 
the  adjacent  structure  of  the  liver,  and  enveloping  the  ves- 
sels and  nerves,  to  %v!iieh  it  is  atttiched  by  a  loose  areolar 
tissue.  The  attaclmient  of  the  blood-vessels  to  the  sheath  is 
BO  loose,  that  the  branches  of  the  portal  vein  are  eollapeed 
when  not  filled  with  blood ;  preeenting  a  striking  contrast 

'  KiERNAK,  FhiIo9(tpIiicai  Tramaetimig,  Londoiv^  1SS8»  p.  711,  et  »eq. 
*  GLisaoKiDSf  An4iiomia  Hcpatia^  AmgtelodAmi,  1666,  p,  236, 
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to  the  liepatic  veine,  which  are  closely  adherent  to  the  eub- 
aUnce  of  the  liver,  and  remain  open  wlien  they  are  cut 
icros#.  This  sheath  h  prolonged  over  the  vessels  as  they 
brsDcli  and  follows  them  in  their  subdivisions.  It  varies 
considerably  in  thickneds  in  different  animals.  In  man  and 
the  nmmmali a  generally,  it  is  rather  thin^  becoming  more 
and  mrjre  delicate  as  the  vessels  eubdividej  and  is  entirely 
klofit  before  the  vessels  ai*e  distributed  in  the  interlobular 


Tlie  vessels  distributed  in,  and  coming  from  the  liver  are 
[the  folh^wi  ng: 

1.  The  portal  vein,  the  hepatic  artery,  and  the  hepatic 
^^act,  passing  in  at  the  trans  verse  fisgure,  to  be  distributed 

b  the  lobules.  The  blood-vessels  are  continuous  in  the  lob- 
ules with  the  radicles  of  the  hepatic  veins.  The  duct  is  to 
be  followed  to  its  branches  of  origin  in  the  lobules. 

2.  The  hepatic  veins;  vessels  that  originate  in  the  lo- 
Imles,  and  collect  the  blood  distributed  in  their  substance  by 
branches  of  the  portal  vein  and  hepatic  artery. 

Branches  of  ih4  Portal  Vein,  the  Hepatic  Artery  and 
^Ditd, — Thetse  vessels  follow  out  the  branches  of  the  capsule 
Gliss<m,  become  smaller  and  smaller,  and  finally  pass 
directly  between  the   lobules.      In   their  course,  however, 
tliey  send  oif  lateral  branches  to  the  sheath;  and  those  who 
follow  exactly  the  description  of  Kiernan,  call  this  tlie  vagi- 
nal plexus.     The  arrangement  of  the  vessels  in  the  sheath  is 
not  in  the  form  of  a  true  anastomosing  plexus,  although 
brandies  pass  from  this  so-called  vaginal  plexus  between  the 
lobules.     These  vessels,  according  to  Sappey,  do  not  anasto- 
inoe6  or  communicate  witli  each  other  in  the  sheath.* 

The  portal  vein  does  not  present  any  important  pecu- 
liarity in  its  cour&e  from  the  transverse  fissure  to  the  inter- 
labular  spaces.  It  subdivides,  enclosed  in  its  sheath,  until 
{ts  small  branches  go  directly  between  the  lolmleSj  and  in 


*  Saitkt,  TrmU  iTanaiamU  detcripiiw,  PMift|  1857,  p.  268. 
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its  course  it  sends  branches  to  the  sheath  (vaginal  Teasels), 
which  afterward  go  between  the  lobules.  The  distribution 
of  the  hepatic  artery,  however,  is  not  so  simple.  This  vessel 
has  three  sets  of  branches.  As  soon  as  it  enters  the  sheath 
with  the  other  vessels,  it  sends  off  minute  branches  (vasa 
Tasornm),  to  the  walls  of  the  portal  vein,  the  larger  branches 
of  the  artery  itself,  the  walls  of  the  hepatic  vems,  and  a  very 
rich  net-work  of  branches  to  the  hepatic  duct.  When  the 
hepatic  artery  is  completely  injected,  the  walls  of  the  hepatic 
duct  are  seen  almost  covered  vrith  vessels.  In  its  course, 
the  hepatic  artery  also  sends  branches  to  the  capsule  of 
Glisson  (capsular  branches),  which  join  with  the  branches 
of  the  portal  vein  to  form  the  so-called  vagmal  plexus. 
From  these  vessels  a  few  arterial  branches  are  gi%"en  off  and 
pass  between  the  lobules.  The  hepatic  artery  cannot  be 
followed  beyond  the  interlobular  spaces.  According  to  Kdl- 
liker  and  others,  the  terminal  branches  of  the  hepatic  artery 
do  not  open  into  the  radicles  of  the  hepatic  veins,  but  into 
small  branches  of  the  portal  vein,  within  the  capsule  of 
Glisson.* 

The  hepatic  duct  follows  the  general  course  of  the  portal 
vein ;  but  its  structure  and  relations  are  so  important  and 
intricate  that  they  will  be  described  separately. 

Jnterlobular  Vessels, — Branches  of  the  portal  vein,  com- 
ing from  the  terminal  ramifications  as  the  vessel  branched 
within  the  capsule  and  the  branches  in  the  walls  of  the  cap- 
sule, are  distributed  between  the  lobules,  constituting  the 
greatest  part  of  the  so-called  interlobular  plexus.  These  ara 
situated  between  the  lobules  and  surround  them ;  each  Tes^ 
sel,  however,  giving  off  branches  to  two  or  three  lobules,  and 
never  to  one  alone.  They  do  not  anastomose,  and  conse- 
quently do  not  constitute  a  true  plexus.  The  diameter 
of  these  interlobular  vessels  varies  from  ^-^  to  t^^  of  an 
inch.*    In  this  distribution,  the  blood- vessels  are  followed 

*  K5LL1EKR,  ffandhhu^  dtr  GfWthdehrt  d^  Mmtehm^  Ldpzig,  18$  7»  S.  44  S. 
■  K6LLrK£B,  op,  eU.,  1967,  S.  441. 
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nches  of  the  duct,  mueli  less  numerous  and  smaller, 
JQdttiuing  onlj  j^Vir  ^^*  ^^  ^"*^^*  i  ^'^^  somej  even,  liave  teen 
ineEsared  that  are  not  more  than  y^V^  of  an  inch  in  diam- 
eter/ 

Lohular  Vesada. — In  the  interlobular  plexus,  the  ramifi- 
csfttions  of  the  hepatic  artery  are  lost,  and  this  can  no  longer 
be  traced  as  a  distinct  vessel.  One  of  the  peculiarities  of  its 
amngemeut,  as  we  have  seen,  is  that  the  artery  does  not 
«inpty  into  the  radicles  of  the  efferent  vein,  but  joins  the 
jortal  vessels  as  they  are  about  to  be  distributed  in  a  tnio 
<*pillary  plexus  in  the  substance  of  the  lobules.  In  the  h>l> 
ules  themselves,  consequently,  we  have  only  to  study  the 
Kmngement  of  the  portal  plexus^,  with  the  mode  of  origin  of 
Ae  hepatic  veins  and  the  relations  of  the  hepatic  duct. 

The  arrangement  of  the  lobular  plexus  of  blood-vessels 
i  Tery  simple.  From  the  interlobular  veins,  a  number  of 
bunches  (eight  to  ten)  are  given  off  and  penetrate  the  lobule* 
As  the  interlobular  vessels  are  situated  between  different 
loWes,  each  one  sends  branches  into  two  and  sometimes 
tbee  of  these  lobules ;  so  that,  as  far  as  vascular  supply  is 
ooncemed,  these  divisions  of  the  liver  are  never  absolutely 
distiDct, 

After   passing  from    the    interlobular  plexus  into   the 
lolittlea,  the  vessels  immediately  break  up  into  a  close  net- 
work of  capillaries,  from  ^Air  ^^  rjrW  ^^  ^"  '^^'^  ^^  diame- 
ter,* whicli  occupy  the  lobules  with  a  true  plexus*     These 
Te^elft  are  very  numerous;  and  when  they  are  fully  ilk* 
^ded  by  artificial  injection,  their  diameter  is  greater  tlian 
tbt  of  the  intervascular  spaces.     It  must  be  remembered, 
Wever,  that  in  the  study  of  the  liver  by  minute  injeetious, 
**  in  otlier  parts,  the  vessels  probably  are  distended  so  that 
^y  occupy  more  space  than  they  ever  do  under  the  physio- 
wgic&l  conditions  of  the  circulation.    The  blood,  having  been 

'  Buti,  On  mm€  pioinU  in  ike  Anaiomtf  of  (he  Liver  of  Man  and  Vertdrtdt 

i-wiBflii,  Undon,  1856,  p.  58. 

*  KUiioa,  up.  at,  1867,  8.  442. 
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distributed  in  tlie  lobules  by  this  lobular  plexus,  is  collected 
by  venous  radicles  of  considerable  size  into  a  single  central 

vessel  in  tlie  long  axis  uf  the  loliule,  called  tlie  intralobular 
A  sion:lu  lobule,  surrounded  with    an    interlobular 


vein. 


vesselj  allowing  the  lobular  capillary  plexus,  and  the  central 
vein  (the  intralobular  vein)  cut  across,  is  represented  in 
Fig.  9. 


Pra.  9. 


*^ 
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Tr&n07cne  ifCttoD  of  a  f Ingle  hepatic  lobule, 
AITcrtfnl  h  nunc  hen  arthe  liitralol^tiUr  Teln 
of  Ibr  porliil  vuin — with 
to  the  mdlcknj*  of  the  iutralu' 
tome  111.,  p.  'm^ 


1,  IntralatmlarineliitOiit  Mrott  *  f;,||t.^ 
iiiiraionmnr  win  :  S,  3.S,  %,  S.  8, 8^  S,  S,  totcriobular  briOClw* 
\U  ctipillurv  bmnchei^,  rortniuj?  the  lobitlftr plexitf ^ eaEteadjaig 
itralubaJar  vclu.    (Safpet,  TraUe  iPanaior/de,  Pui«,  UBf; 


With  regard  to  the  mode  of  origin  of  the  hepatic  duct  in 
the  substance  of  the  lobule,  recent  researches  have  shown 
that  it  begins  by  a  very  fine  anastomosing  plexus  of  vessels, 
with  amorjihous  walls,  situated  between  the  liver-cells ;  but 
there  are  many  diiferent  opinions  on  tliis  subje^jt,  and  we 
shall  defer  its  full  consideration  imtil  wo  take  up  the  anatomy 
of  the  secreting  structures  in  the  lobules* 

Origin  and  CQurse  of  the  Hepatic  Veins. — The  blood 

distributed  in  the  lobular  capillary  plexus  furnishes  the  ma- 
terials for  the  formation  of  bile,  and  undergoes  those  changes 
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P^XNiueed  by  the  action  of  the  liver  as  a  ductless  gland  ;  in 
other  words,  it  is  in  and  around  this  plexus  that  all  the 
phvfiiological  functiona  of  the  liver  are  performed.  It  is 
tlien  only  necessary  that  the  blood  should  be  carried  from 
the  liver  to  go  to  the  right  side  of  the  heart;  and  the  ar- 
rangement of  the  hepatic  veins  is  accordingly  very  simple. 

Intraldbyiar  Veins, — The  innumerable  capillaries  of 
the  lobules  converge  into  three  or  four  venous  radicles  (rei> 
resented  in  Fig.  9),  which  empty  into  a  central  vessel,  from 
tAt  ^  tJit  ^^  *^  m^\\  in  diameter**  This  is  tlie  intraloli- 
tilar  vein.  Vl  a  liver  be  carefully  injected  from  the  hepatic 
Veins,  and  sections  be  made  in  various  directions,  it  will  be 
Been  that  the  intralobular  veins  follow  the  long  axis  of  the 
lobules,  receiving  vessels  in  tlieir  course,  until  they  empty 
into  a  larger  ▼ossel,  situated  at  what  may  be  termed  the 
base  of  the  lobules.  These  vessels  have  been  called,  by 
Kieman,  the  sublobular  veins.  They  collect  the  blood  io 
the  manner  just  described  from  all  parts  of  the  Uver,  unite 
with  others,  becoming  larger  and  larger,  until  finnllj  they 
form  the  three  hepatic  veins,  which  discharge  the  blood  Irom 
the  liver  into  the  vena  cava  ascendens. 

The  hepatic  veins  differ  somewhat  in  their  structure 
fipom  other  portions  of  the  venous  system.     Their  walls  are 
thinner  than  those  of  the  portal  veins ;  they  are  not  en- 
closed in  a  sheath,  and  are  very  closely  adherent  to  tlie  he- 
p«tic  tissue.     It  is  this  provision  which  makes  the  force  of 
respiration  from  the  thorax  so  efficient  in  the  circulation  in 
the  liver/    Ilere,  indeed,  a  force  added  to  the  action  of  the 
heart  is  especially  necessary ;  for  the  blood  is  passing  in  the 
liver  through  a  second  capillary  plexus,  having  already  been 
dUtrihuted  in  the  capillaries  of  the  alimentary  canal  and 
other  abdominal  organs,  before  it  is  received  into  the  portal 
^rin.    It  has  also  been  noted  that  the  hepatic  veins  possess 
a  well-marked  muscular  tunic,  very  thin  in  man,  but  well- 
deTeloped  in  the  pig,  the  ox,  and  the  horse,  and  composed 

'  KOiLuua,  op.  eit^  1867,  S.  442.  *  See  vol.  L,  Circulation,  p.  S22. 
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of  unstriped  inustiular  fibres  interlacing  with  each  other  in 
every  direction/ 

In  addition  to  the  blood-vessels  jut^t  described,  the  liver 
receives  venous  Ijlood  from  vessels  which  have  been  called 
aoceseory  portal  veins,  coming  firom  the  gastrcj-hepatic  omen- 
tnm,  the  surface  of  the  gall-bladder,  the  diaphragm,  and  the 
anterior  abdominal  walls.  These  vessels  penetrate  at  dif- 
ferent portions  of  the  surface  of  the  liver,  and  may  serve  aa 
derivatives  when  the  circulation  through  the  portal  vein  i& 
obstructed. 


Structure  of  a  Lobule  of  the  lA^er. — Each  hepatic  lob- , 
nle,  bounded  and  more  or  less  distinctly  separated  from 
the  others  by  the  interlobular  vessels,  contains  blooil-vesseU, 
radicles  of  the  hepatic  ducts,  and  the  so-called  hepatic  cells. 
The  arrangement  of  the  blood-vessels  has  just  l)een  de- 
scribed; but  in  all  preparations  made  by  artiticial  injection^ 
the  space  occupied  by  the  blood-vessels  is  exaggerated  by 
excessive  distention,  and  the  difficulties  in  the  study  of  the 
relations  of  the  ducts  and  the  liver-cells  are  thereby  much 
increased.  Under  any  conditions,  there  are  few  questioiiSy 
if  any,  in  minute  anatomy,  that  are  so  complicated  as  that 
of  the  origin  of  the  bile-ducts  in  the  lobules.  If  we  were  to 
attempt  a  critical  analysis  of  the  important  investigations 
made  upon  this  subject  during  tlie  last  thirty-five  years,  we 
should  only  illustrate  the  great  diversity  of  opinion  among 
eminent  authors  upon  difficult  anatomiciil  questions.  As 
the  important  problem  in  the  minute  anatomy  of  the  lobules 
has  been  the  relations  of  the  cells  to  the  radicles  of  the  bile- 
ductfi,  we  shall  first  take  up  the  structure  of  the  cells, 

Hepatic  Cdh, — If  a  scraping  from  the  cut  sui'face  of  a 
fresh  liver  be  examined  with  a  moderately-high  magnifying 
power,  the  field  of  view  will  be  found  filled  with  numerous 
roimded,  ovoid,  or  irregularly -polygonal  cells,  measuring  trom 
tkVit  *^  hjVt  *>f  ftii  i^ch  in  diameter.     In  their  natural  con- 

*  SAirrr^  op.  Wt,  p.  800. 
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^tion,  they  are  more  frequently  ovoid  than  polygonal,  and 
^hen  they  have  the  latter  form,  the  comers  are   always 
founded.     These  cells  present  one  and  Boraetimes  two  nu- 
clei, sometimea  with  and  sometimes  without  nueleoli.     The 
presence  of  nrnnerons  small  pigmentary  granules  gives  to 
the  cells  a  pecnliai'  and  characteristic  appearance ;  and,  in 
addition,  nearly  all  of  them  contain  a  few  grannies  or  small 
globules  of  fat.     Sometinaes  the  f^itty  and  pigmentary  mat- 
ter is  so  abundant  as  to  obscure  the  nuclei*     The  addition 
of  acetic  acid  renders  the  cells  pale  and  the  nuclei  more  dis- 
tinct.   By  appropriate  reagents,  animal  starch  (probably 
glycogenic  matter)  has  been  demonstrated  in  the  substance 
of  the  celk* 

Arrangement  of  the  Bile^ucU  in  ike  Lobules, — Before 
the  publication  of  the  researches  of  Kiernanj  no  reasonable 
speculations,  even,  had  been  made  with  regard  to  the  nlti- 
tnate  arrangement  of  the  bile-ducts.    Kiernan  supposed  that 
til©  lobules  contained  a  reticulated  net-work  of  ducts  com- 
municating with  the  ducts  in  the  interlobular  spaces ;  but 
lie  only  inferred  their  existence,  and  his  figures,  wliich  have 
been  extensively  copied,  are  merely  diagrammatic'     The 
same  arrangement  essentially  was  described  by  Prof  Leidy, 
who  ligures  a  net-work  of  canals  in  the  lobules,  lined  with 
the  liver^celld ;  but  the  evidence  in  favor  of  this  view  is  not 
convincing/     The  results  of  the  researches  of  Beale  were  at 
one  time  adopted  by  many  anatomists.      Beale  supposed 
that  there  existed  in  the  lobules  delicate  tubes,  about  as 
wide  as  the  liver-cells,  each  tube  enclosing  a  row  of  these 
cells,*    The  presence  of  this  delicate  membrane,  however, 

*  Skwrttj  Ih  la  nature  dfs  gnranulatiowi  qui  rempliaaent  let  eetlufm  k^paiiqnet : 
Amdmmimait. —  Compter  rendus^  Paris,  18&9,  tome  ilviiL^  p,  880. 

*  ^itxxAM,  op,  cit, — Fhilw^yphif^  Transadicmt^  London,  188f1»  p.  *il\y  el  *eq. 
'Lxjw,  Rrmtrch/v  intj)  (hf  Cffrnftarative  SMt€iur«  of  the  Liver. — Ajfirrican 

J<»*Wo/i^  JfefiW  Science,  PhiladelphiA,  1848,  New  Series,  vol  iv.,  p.  13, 

*  Bun,  On  mtm  Points  in  the  Anatomy  of  ths  Liver  of  Man  and  VtrtcbraU 
^^iin^,  Umdon,  1856,  p.  78, 
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was  Dot  satiefactorily  demonstrated.  KuUiker  formerly  ao 
cepted  in  part  the  views  arlvaneed  by  Beale ;  but  his  ideas 
upon  thia  snhject,  in  all  bac  the  la§t  edition  of  his  work, 
have  not  been  very  definite.' 

Such  ig  the  condition  of  the  question  of  the  origin  of  the 
biliary  dnct^,  as  it  is  understood  by  most  English  and  Amer- 
ican authors;  and  altliough  the  above  statement  does  not 
represent  all  the  views  entertained  by  different  anatoniists, 
it  is  sufficient  to  show  the  eKceedingly  indefinite  condition 
of  the  whole  subject.  KolHker,  indee<l,  in  a  letter  to  Dr. 
Sharpey,  of  London  (18(>7)>  and  in  the  last  e<lition  of  hia 
work  on  histology,  abandons  his  f(>rmer  views,  and  states 
that  he  has  become  fully  convinced  of  the  accuracy  of  recent 
observations  which  lead  to  an  entirely  new  description 
of  the  bile-flucts;*  and  Prof  Leidy,  in  his  work  on  anat- 
omy, published  in  18(il,  does  not  commit  himself  to  any 
definite  opinion  on  the  subject/  Late  researches  have 
ehown  that  the  following  is  probably  the  true  relation  of 
the  ultimate  ramifications  of  the  bile-ducts  in  the  lobules  to 
the  hepatic  cells : 

In  the  substance  of  the  lobules  is  an  exceedingly  fine 
and  regular  net-work  of  vessels,  of  uniform  size,  about  ^  ^^  |  ^  ^) 
of  an  inch  in  diameter,*  which  surround  the  liver-cells,  each 
cell  lying  in  a  space  bounded  by  inosculating  bi'anches  of 
these  canals.     This  plexus  is  entirely  independent  of  the 

^  K^tLtKER,  Manned  of  Human  JHeroteopie  Anaiomjf^  Londcm,  1860,  p, 
846. 

*  Jotinial  of  AHai^>my  attd  Phfnoto^^  Cambridge  and  London^  1868,  toL 
ii.,  p.  WA.  Tb6d«  views  liave  beeii  adopted  bj  RdlUker  in  the  laat  ciiition  of 
hU  work  oo  Microscopic  Anatomy  (Handbuch  tier  GtweUUkre^  Ldpzig,  1S67,  Su 
«28). 

*  LsiDTf  ^fi  Mementary  TVeaim  m  SwHun  Amaiomy^  Philadelphia,  184^1^ 
p,  827. 

^  TMb  is  the  result  of  the  measurementa  by  Br,  Stilea  {BuUMn  of  (he  Ktw 
Tork  Aeadem}/ of  Mfdlcine^  18fl8,  vol.  ill,  p.  351),  of  tbe  duets  in  the  livers  of 
the  bullocka  that  died  of  tho  **  Texas  dis<5ttBc,"  which  we  have  verified  m  ibe 
aame  epecioieD,  The  measurementa  given  by  Frey  are  about  the  i^ame  {Hamd 
bttch  der  Hi^tdoffic,  Leipzig,  1867,  S.  556), 
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I'lood^TesBels,  and  it  seems  to  enclose  in  its  meshes  each  indi- 
vidual cell,  extending  from  the  periphery  of  the  lobule, 
where  it  is  in  communication  with  the  interlobular  bile- 
dacts,  to  the  intralobu- 


/^ 


V 


I' 


M. 


\^ 


Fio.  10. 

IjU"  vein  in  the  centre. 

The  vessels  probably 
have  excessively  thin, 
homogeneous  walls — 
though  the  existence  of 
their  membrane  has  not 
l^een  positively  demon- 
slj^ted — and  are  with- 
out any  epithelial  lin- 
ing, being  much  smidl- 
ep,  indeed,  than  any 
epithelial  cells  vniii 
which  we  are  acquaint- 
ed. This  arrangement, 
as  far  as  is  known,  has 
Qo  analogue  in  any 
other  secreting  organ. 

Although  it  is  within  three  or  four  years  only  that  the 
reticulated  bile-ducts  of  the  lobules  have  attracted   much 
uttention,  they  were  discovered   in  the  sul>stance  of  the 
lobules,  near  the  periphery,  by  Gerlaeh,  in  1848.*     It  is  evi* 
dent,  from  an  examination  of  his  figures  and  description^ 
that  he  succeeded  in  filling  with  injection  that  portion  of 
the  lobular  network  near  the  borders  of  the  lobule^i,  and 
dttaonstrated  the  continuity  of  their  vessels  witli  the  inter- 
lobular ducts ;  but  he  did  not  recognize  the  vcBsels  nearer 
the  centre  of  the  lobule*     His  views,  however,  received  very 
,       Utile  attention,  and  are  not  even  mentioned  in  most  of  the 


portion  of  m  tmusTcrfl*'  nf^ftion  f>f  ttn  hepatic  lo- 
bolt  of  the  riiT>lilt»  inugnlfloa  lOQ  dlftraeter*.  ft, 
capill&ry  blood  v i>*i&<'l«  ;  rj.  capillary  blle-dncts; 
/.  ftvcr-cena.  (KOluubb.  Handb^tcA  der  OtteetM- 
Uhre  da  MmKAen,  Leipzig,  ia6i7,  S.  428.) 


^  ^ii»tACM,  Bandbueh  der  alhetimntn  und  specidlm  Gmeebelehre,  Maim,  1848« 
^m,ttitq. 
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few  years.  Budge/  AndrejeviS,'  Mac-Gillairry/  Clirzonszo- 
zewsky,*  Wjss,'  Hering/  Frey/  Eberth,"  Kolliker,'  and 
others  have  investigated  tliis  interesting  qoe^tion,  by  Tari- 
ous  metliGKlaj  and  have  arrived  at  the  most  positive  and  satis- 
factory resultd.  It  is  now  demonstrated,  beyond  a  donbt, 
that  there  are  either  canals  or  interspaces  between  the 
liver-cells  in  the  lobules,  and  that  theae  open  into  tlie  in- 
terlobnlar  hepatic  ducts.  It  is  still  a  question  of  discussion, 
whether  these  passages  are  simple  spaces  between  the  cells, 
or  are  lined  by  a  membrane ;  but  this  jxiint  had  no  great 
physiological  importance^  and  we  can  readily  imagine  that 
it  would  be  exceedingly  diftieult  to  demonstrate  a  membrane 
forming  the  wall  of  a  tube,  the  whole  measuring  but  xir§T«» 
of  an  inch.  In  the  investigations  which  have  thus  demon-  fl 
strated  the  arrangement  of  the  finest  bile-ducts  in  the 
lobules,  the  livers  of  rabbits  have  been  found  to  present  the 
moat  favorable  conditions.  It  has  been  assumed,  howe^'er, 
that  in  tlie  nietliod  of  stuily  by  artificial  injection,  the  ap- 
pearance of  canals  might  be  due  to  the  extravasation  of  the 
fluids  which  might  possibly  take  on  a  regular  arrangement 
between  the  cells.  This  is  an  error  of  observation  that 
would  not  be  unlikely  to  occur ;  but  not  only  have  these  fine 

1  BcDQB,  (TefrfT  lien  Vertauf  dcr  Qdhnffiinge, — Ardm  fur  Anaknmej  Fhjfti^ 
9h^0  IMM^  wi§mu^ftUehm  Afrdidn,  Leipzig,  1859,  S.  G42p  at  ttq. 

*  AwoRKiKn^  UAmr  dtn/eineren  Ban  der  Lther. — SUsunffiberkktt  4sr  matkh 
matiachfmtuneiMninehftfUkhen  Ctaue  der  Kttiserlichen  AkadentU  der  W\mtn>- 
9cha/ttn,  Wein,  IHOI,  Bd.  xliii.,  I.  Abtbeilung,  S.  379,  ei  Mq,  ^ 

'  MAC-QiLLAFnT»  Zur   Anatomic  dtr  Leber,  Idem,  Wein,  IBftft,  B<t  L,  XL  H 
Abtboilutig,  S.  20T,  d  acq,  ™ 

*  Vnmns»%v.iis,wsKY^  Zur  Anatomie  wtd  Pkytiotoffie  der  Lther. — TmcHOW*t 
AftKh,  B(?rliti,  Jim.,  1866,  B4  iiit.,  S.  1I53»  ei  »eq. 

'  Wyiw,  BeUm^  rur  Hhtoloffie  der  ieCeriachen  Leber. — Virchow'b  Arehiit^  Bcfw 
lln,  April,  Xm^S,  Bd.  ixxv.,  S.  66S,  H  ieq. 

*  HicRiwa,  trtlfr  den  Bau  der  WirheUMerieUr^—SUxuiiffberiehie,  etc,  Wein, 
t$d6,  litl  liv.,  1.  AbtlietluDg,  S.  3RA.  ^ 

^  Fkky.  HandUdi  ikr  Nielohffie,  Ldpsg,  1667,  S.  567,  ei  aeq.  W 

*  EmiiTii,  UfUtnuehunpen  aber  die  namuUe  mtd  paiholoffitehe  Le^^ — Yu^ 
€iiow'i  Arekiv^  Berlin,  Mil,  18A7,  Bd.  ixxix.,  S.  70,  ei  uq, 

*  KdU.iuit,  //aiK^iiM  der  Gewebdekre^  Leipeig,  1867,  S.  428;. 
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^Uct8  been  filled  by  injection  and  their  connection  with  tlie 
iiiterlobakr  ducts  apparently  establii?hed,  tbey  have  been 
observed  filled  with  insipiasated  bile  in  ieteriu  Uvers/  A 
niethod  of  study,  very  ingenious  and  highly  satisfactory  in 
Its  results^  was  adopted  by  Clirzonszczewsky.  He  intro- 
duced into  the  blood-vesseU  or  g^tomach  of  a  living  animal  a 
Solution  of  indigo-cannine,  and  within  one  or  two  hours, 
killed  the  animal,  when  the  whole  net-work  of  ducts  in  the 
lobules  was  found  unbroken  and  connected  v;ith  the  inter- 
lobnliur  vessels.  The  drawings  of  these  appearances  accom- 
panying tlie  memoir  are  exceedingly  beautifuL* 

A  peculiarly  favorable  opportunity  for  observing  the 
bile-ducts  in  the  lobules  was  presented  in  the  livers  of  ani- 
mak  that  died  of  the  so-called  **  Texas  cattle-dit^asc/'  Tim 
Was  taken  advantage  of  by  Dr.  K.  C,  Stiles,  who  was  able 
to  verify^  in  the  most  satisfactory  manner,  the  facts  wldch 
have  lately  been  established  by  tlie  German  anatomists.'  In 
these  livers,  the  finest  bile^Incts  were  found  filled  with  bright 
Tellow  bile,  and  their  relations  to  the  liver-cells  were  beauti- 
fully distinct.  In  the  examination  of  these  specimens,  the 
pf^ence  of  what  appeared  to  be  detached  fragments  of  these 
little  cfiuals  is  an  argument  in  favor  of  the  view  that  they 
'Were  lined  by  a  membrane  of  excessive  tenuity.  These  in- 
teiijsting  anatomical  points  were  demonstrated  by  Dr.  Stiles 
oefore  the  New  York  Academy  of  Medicine,  and  we  have 
cince  been  able  to  verify  them  in  every  particular. 

Anatomy  of  tlie  Emretory  Biliary  PaMogea. — There 
oan  be  scarcely  any  doubt  of  the  connection  between  the  in- 
^^iroellular  biliary  plexus  in  the  substance  of  the  lobules  and 

'  Wrsi,  lo^dt,  •  Xoff.  cit, 

'SriLxa,  BuMin  o/  the  New  York  Academy  of  Afedicifte,  18fl8,  toI  ill,  p. 

*5^^;  Rfpofta/  ike  Xa»  Fork  SdtUi  CatiU  Commimiofun^  in  eonneetion  viih  tfu 

Sp^JUpoH  of  the  Mfiroptyiiian  Bwxrd  of  Hectilh  on  the  Texa*  CaUle-Diseaie.^ 

Tmnmiiont  of  ihe  JVpw  York  Stai«  Agricultural  Soci^y,  Albtiny,   1868,  vol 

"Tiwl867,  Part  ii,  pp.  11S7,   1150  ;\nd  Third  Annual  Report  of  the  Mb. 

^^kn.  Board  of  Health  of  iks  SUjin  of  New  Vori:,  AlbaDj,  1868,  p.  303. 
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Kum.  If  the  duets  in  the  substance  of  the  liver  be  isolated, 
iher  are  found  covered  witli  these  little  groups  of  follicles, 
^nd  have  the  appearance  of  an  ordinary  racemose  gland,  ex- 
cept that  the  aciui  are  relatively  small  and  scattered.  This 
Appearance  is  represented  in  Fig*  11. 


fm.  11. 
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It   ftttadl«d  to  the    biliary    duotf    of  tlie  yig,  mt^rnliSad 
iflAMa  dloiiMtenu    1,  It  BfttDeh  of  an  bi>pAUo  duct  with  tbo  Aurflwc    ataioflt  eDttrehr 
>  giuidit  opening  into  ItM  cavity  -   %  bruioh  In  whlcb  ih«  ftonoi 


*•  ■miller  «oid  less  Dnmeroofl;  8^  8;,  8,  braocheA  of  the  duct  witb  fltUl  aunplvr 
rflBd»:  4^  4^  4  4^  btiUry  dncU  with  tArapia  fullklui  attMbed;  5,  G,  fi«  ^  iame  with 
inur  folllcWa^  4,  ^  6,  fi^  6v  juu«tomo«««  In  «rebe«;  7,  T,  7,  aafnilai'  aiuutnnmBoft ; 
fi,  B»  fit  e^  ftoaMomoMa  by  tniia?«tifl  bruebea.  vSapht,  Tfaiti  tTtmatomU,  PuLa, 
l»7,  tome  UL^  p,  919,} 

The  excretory  biliary  ducts,  from  the  interlobular  vessels 
^^  tlie  point  of  emergence  of  the  hepatic  duct^  present  nu- 
xnetons  anastomoses  with  each  other  in  their  course. 

Va^  Aherrantia, — In  the  livers  of  old  persons,  and  oc- 
^teianallv  in  the  arhilt,  certain  vessels  are  found  ramifying 
^n  the  surface  of  the  liver,  Init  always  opening  into  the 
I'ilianr  diictn,  which  have  been  called  vasa  aberrant ia.    These 
ar^  never  found  in  tlie  foetus  or  in  children.     They  are,  un- 
doubtedly, appendages  of  the  excretory  system  of  the  liver, 
and  are  analogous  in  their  structure  to  the  ducts,  but  are 
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apparently  hrpertrophiedj  with  tliiekened,  fibroiis  walls,  ani^  ,(J 
present,  in  their  cauree,  irregular  constrictions,  not  found  lEr  j 
tlie  normal  duets.  The  racemose  glands  attached  to  thm,  -^n 
are  always  very  much  atrophied.  Sappey  is  of  the  opinio"  ^^n 
that  these  are  ducts  leading  to  lobules  on  the  surface  of  thv^oe 
liver  which  have  become  atrophied/ 

GaU-hladder^  Hepatw^  Ci/atic^  and  Common  Ducts, 


The  hepatic  duct  is  formed  by  the  union  of  two  ducts,  on iic 

from  the  right  and  the  other  from  the  left  lobe  of  the  live~:^^* 
It  is  about  an  inch  and  a  half  in  length,  and  joins  at  m^^BSi 
acute  angle  with  the  cystic  duct,  to  form  the  ductus  commw-  _ia- 
nis  choledochus.     The  common  duct  is  about  three  inch^  ^«ei 
in  length,  of  the  diameter  of  a  goose-quill,  and  opens  iur^ — *to 
the  descending  portion  of  the  duodenum.   It  passes  obliqaeC  Wy 
through  the  coats  of  the  intestine,  and  opens  into  its  cavi^^^y 
in  connection  with  the  principal  pancreatic  duct.     The  C}  "  '^ 
tic  duct  is  about  an  inch  in  length  and  is  the  smaUest  cm/ 
the  three  canals. 

The  structure  of  these  ducts  is  essentially  the  saoL^L  ~ 
They  have  a  proper  coat,  formed  of  white  fibrous  tissoe,  a 
few  elastic  fibres,  and  a  few  non-striated  muscular  fibres. 
The  muscular  tissue  is  not  sufficiently  distinct  to  form  a 
separate  coat.  The  mucous  membrane  is  always  found 
tinged  yellow  with  the  bile,  even  in  living  animals.  It  is 
marked  by  numerous  minute  excavations,  and  is  covered 
with  cells  of  columnar  epithelium.  This  membrane  eoa* 
tains  numerous  mucous  glands. 

The  gall-bladder  is  an  ovoid  or  pear-shaped  sac,  about 
four  inches  in  length,,  one  inch  in  breadth  at  its  widest  por- 
tion, and  capable  of  holding  from  an  ounce  to  an  ounce  and 
a  half  of  fluid.  Its  fundus  is  covered  entirely  with  peri- 
toneum, but  this  membrane  passes  ooly  over  the  lower  sur- 
face of  the  body. 

The  proper  coat  of  the  gall-bladder  is  composed  of  white 
fibrous  tissue  with  a  few  elastic  fibres.    In  some  of  the  lower 
*  SAFFffr,  op.  ciLf  tome  iil,  |i.  283. 
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•Jumals  there  id  a  distinct  rauacular  coat,  but  a  few  scattered 
fibres  only  are  found  in  the  human  subject.     The  mucous 
coat  is  of  a  yellowish   color,  and  marked  with  numerous 
Very  small,  interlacing  folds,  which  are  exceedingly  vascular, 
like  the  membrane  of  the  ducts,  the  mncoiis  lining  of  the 
gall-bladder  is  covered  with  columnar  epithelium.     In  the 
gnli-bladder  are  found    numerous  small  racemose  glands, 
formed  of  from  four  to  eight  follicles  lodged  in  the  submu- 
cous Btructure.    These  are  essentially  the  same  as  the  glands 
opening  into  the  ducts  in  the  substance  of  the  liver,  and 
secrete  a  mucus,  which  is  mixed  witk  the  bile, 

Kerves  and  Lymphatics  of  the  Liver. — The  nerves  of  the 

liver  are  derived  from  the  pneumogastric,  the  phrenic,  and 

Vhe  solar  plexus  of  the  sympathetic.     The  branches  of  the 

left  pneumogastric  penetrate  with  the  portal  vein,  while  the 

branches  from  the  right  pneumogastric,  the  phrenic,  and  the 

Bvmpathetic  surround  the  hepatic  arterj^  and  the  hepatic  duct 

All  of  these  nerves  penetrate  at  the  transverse  fissure  and 

follow  the  blood-vessels  in  their  distribution.     They  have 

nat  been  traced  farther  than  the  terminal  ramifications  of 

tbe  capsule  of  Glisson,  and  their  exact  mode  of  termination 

16  ntiknown. 

The  lymphatics  of  the  liver  are  very  numerous.  They 
tre  divided  into  two  layers :  the  superficial  layer,  situated 
just  beneath  the  serous  membrane;  and  the  deep  layer, 
Ibnned  of  a  plexus  surroimding  the  lobules  and  situated 
outbide  of  the  blood-vessels.  The  superficial  lymphatics 
from  the  under  surface  of  the  liver,  and  that  portion  of 
tie  deep  lymphatics  which  follows  the  hepatic  veins  out 
rf  the  liver,  pass  through  the  diaphragm  and  are  con- 
:ted  with  the  thoracic  glands.  Some  of  the  lymphatics 
01  the  superior  or  convex  surface  join  the  deep  vessels 
A  emerge  at  the  transverse  fissure,  and  pass  into  glands 
few  the  diaphragm,  while  others  pass  into  the  thoracic 
cavitj', 
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iie  fact  that  the  same  cells  produce  glycogenic  matter.     As 
I     fitf  as  we  are  able  to  imderstan<l  tlie  mechaiiL^m  of  secretion, 
^M  geems  necessary  that  a  formed  anatomical  element,  known 
^T8  a  secreting  celL  should  elaborate^  from  materials  furnished 
I     hjthe  bloixi,  the  elements  of  secretion;  and  this  cannot  lits 
Hlecomplisheil  by  a  structureless  membrane j  like  that  which 
r^>nn*  the  walls  of  tlie  bile-ducts.*     Under  this  '^^ew,  assum- 
ing that  bile,  as  bile,  first  makes  its  appearance  in  these 
little  lobular  tubes,  the  liver-cells  are  the  only  anatomical 
elements  capable  of  prudi  cing  the  secretion.     With  regard 
to  the  meehanisoi  of  this  secreting  actioUj  we  have  nothing 
to  say  beyond  our  general  remarks  in  the  first  chapter. 
With  the  view  we  have  just  expressed,  certain  elements  of 
the  bile  are  separated  from  the  blood,  and  others  are  manu* 
factiired  out  of  materials  furnished  by  the  blood  by  the 
Uver-cells,  and  are  taken  up  by  the  delicate  plexus  of  vessels 
situated  l)etween  tlie  cells.     The  discharge  of  the  fluid  is 
like  the  discharge  of  any  other  of  the  secretions,  except  that 
a  pr^rtion  is  temporarily  retained  in  a  diverticulum  from  the 
main  duct,  the  gall-bladder. 
I  The  two  distinct  functions  of  the  liver  now  recognized 

by  many  physiologists,  namely,  the  secretion  of  bile  and 
fonuation  of  sugar,  have  led  to  the  question  of  the  ex- 
ence  in  the  liver  of  two  anatomically  distinct  portions 
organs,  corresponding  to  its  doulile  physiological  func- 
wm     This  view,  indeed,  has  been   advanced  by  several 
nent  anatomists.     Robin  recognizes  two  distinct  parts 
liver ;  a  biliary  organ  and  a  glycogenic  oi^an.     He 
» the  lobules,  with  their  liver-cells  and  blood-vessels, 
parts  concerned  in  the  glycogenic  function  of  the 
liver,  and  the  little  glands  wdiich  open  into  the  biliary  ducts 
all  iimvt  their  course  (see  Fig.  11)  and  are  arranged  on 
tlie  dttct  **iri  the  form  of  leaves  of  fern,"  as  the  biliary 

t  frxcepiioQ  to  this  rule  Is  id  tbe  Bccrction  of  milk  during  Uie  period  of 
t  iuUfitj  of  the  raammary  gluodfl,    (See  p.  19*) 
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organ,*     The  same  independence  of  the  glycogenic  and  h— ^j 
iary  portions  of  the  liver  has  been  argued  by  others,    Amo':^^ 
the  latent  publications  on  this  &abject  is  a  review  of  ft:^^ 
question  by  Accolas;*  but  althougli  this  was  published    Ja 
1867,  there  is  no  mention  of  the  late  researches,  to  whj' 
we  have  referred  so  fully,  on  the  origin  of  the  ducts  in 
lobules. 

The  fact  of  bile  being  found  in  the  lobular  canals  and 
the  demonstration   of  the  direct  communication  of  these 
canals  with  the  excretory  biliary  ducts   are  powerful  ar- 
guments in  favor  of  the  view  that  the  bile  is  formed  in  the 
lobules^  and  probably  by  the  liver-cells.     What,  then,  is  tLe 
function  of  the  little  acini  connected  exclusively  with  the 
biliary  ducts !    The  Bimilarity  of  their  structure  to  that  of  tb©; 
ordinary  mucous  glands,  and  to  the  mucous  glands  of  tlie 
gall-bladder  especially,  would  lead  to  the  supposition  tlial 
they  secrete  a  mucous  fluid.     It  is  well  known  that  the  bile 
taken  from  the  gall-bladder  contains  more  mucus  than  that 
discharged  directly  from  the  liver;  but  the  bile  of  the  he- 
patic duct  in  most  animals  is  somewhat  viscid  and  contains  a 
certain  amount  of  mucus.     This  is  the  view  entertained  by 
Sappey,  who  states  that  the  bile  is  viscid  in  different  animi 
in  proportion  to  the  development  of  these  little  glani 
and  in  the  rabbit,  in  which  the  glands  do  not  exist,  the  bi 
is  remarkably  fluid.'  , 

Inai>mueh  as  there  is  no  direct  evidence  that  the  racemose    j 
glands  attached  to  the  excretory  biliary  passages  have  any 
thing  to  do  witli  the  secretion  of  the  essential  constituent^J 
of  the  bile,  and  as  they  are  not  even  to  be  found  in  soa)^| 
animals   that  produce  a  considerable  quantity  of  bile,  we 
must  regard  tlie  question  of  the  isolation  of  two  orgauA 


'  LiTTRi  KT  RotiiK^  J>ic(ionniiire  de  mideeiM^  pAris,  18^6,  p,  61 1»  Article, 
Foie^  and  Lef^ns  wur  /«  hnmeurs^  Parifl^  1867|  p.  651,  ti  jwy, 

*  AccoLAE,  Eumi  tur  Nriffine  det  cancJieuk$  htpaiiqum  d  tur  timeUpemdamn 
des  appareiU  bitiaire  H  glyeoghie  dufme^  Stmabourg,  1867. 

•  Safpxt,  TraUi  d^amaUmie  deatripttWy  Purla,  1857,  tome  iu.,  pw  280 
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m  liver,  one  for  the  secretion  of  bile  and  the  other  for  the 
pfwiacdon  of  sugar,  as  still  unsettled.  There  is  no  evi- 
dence, indeed,  that  the  bile  is  secreted  anywhere  but  in  the 
hepa^c  lobales. 

Secretion  of  BiU  from  Venaua  or  Arterial  Blood. — 
ynmerous  experiments  have  been  made  with  the  view  of 
<ietenninin^  whether  the  bile  be  secreted  from  the  blood 
bpooght  to  the  liver  by  the  portal  vein,  or  from  the  blood  of 
the  hepatic  artery.     The  imment^e  quantity  of  blo<xl  distrib- 
uted in  the  liver  by  the  portal  vein  led  iirst  to  the  opinion 
tilt  the  impnrities  were  separated  from  this  blood  to  form 
tie  bile,  and  that  the  hepatic  artery  had  little  or  nothing  to 
da  with  the  secretion.     This,  indeed,  was  the  view  adopted 
bjGU&»on,*  one  of  the  earliest  writers  on  the  anatomy  and 
fimctions  of  the  liver.     But  since  Bernard  discovered  the 
^1"  -f>nic  function  of  the  liver,  this  subject  has  assumed 
ual  importance;  and  it  becomes  a  question  whether 
liie  materials  for  the  secretion  of  bile  may  not  be  fornished 
kone  v&ssel  (the  hepatic  artery),  while  the  other  (the  portal 
Vein)  is  specially  concerned  in  the  formation  of  glycogenic 
iiiitter.     This  theoretical  view,  however,  is  not  carried  out 
ky  well-established  anatomical  facts  or  by  physiological  ex- 
periments.    It  is  not  yet  possible  to  separate  the  liver  ana- 
tomically into  two  organs,  one  for  the  secretion  of  bile  and 
tie  other  for  the  production  of  sugar.    It  seems  certain,  also^ 
from  Bumerous  experiments,*  that  bile  may  be  secreted  from 
the  blood  of  the  portal  vein  after  a  ligature  has  been  applied 
to  the  hepatic  artery ;  and  it  is  equally  certain,  from  the  re- 
cent experiments  of  Ore,' that,  if  the  portal  vein  be  obliter- 
Btad  so  gradually  that  the  animal  does  not  die  from  the  op* 
eration^  bile  is  secreted  from  the  blood  of  the  hepatic  artery, 

t  GuflKurnrt,  Anaiomia  EepaiU,  London,  1654^  p,  38S. 
t  liOvasr,  TraiiSdtphyKohffifj  Paris,  1S69,  tome  ii.,  p.  305. 
•  Omi,  Jnjfutnef  de  tcblUimikn  €te  la  veine  porie  »ur  la  iicrkhn  d»  la  bih,^^ 
Piyiffro  fwuhu^  PaiiA,  1S56,  tome  xliiL,  p,  i98, 
84 
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Tlie  ex]>erimeDts  of  M,  Or6  are  very  curions  and  in* 
6tnicti%"e.  After  having  repeatedly  made  the  experiment  of 
applying  a  tight  ligature  to  the  portal  vein,  producing  thereby 
very  grave  Byiiiptoma  and  death  so  speedily  that  the  effects  < 
upon  the  secretion  of  bile  could  not  be  gatiefactorily  ob-' 
served,  he  mollified  his  operationg  so  as  to  effect  a  gradual 
obliteration  of  the  vein.  This  he  accomplitshed  by  simply 
applying  a  loose  ligaturCj  and  tighteuing  it  from  time  to^ 
time  until  it  came  away.  By  this  mode  of  procedure  he  eoo- 
ceeded  in  observing  the  secretion  of  bile  six  days  or  more 
after  the  application  of  the  ligature;  and,  on  killing  the 
animals,  he  found  the  portal  vein  entirely  obliterated  and 
no  communicating  branches  by  which  the  blood  could  get 
from  the  portal  eystem  to  the  hver.  From  these  observa- 
tions it  is  concluded  that  the  bile  is  secreted  from  the  blood 
of  the  hepatic  artery. 

In  support  of  this  view,  several  instaneee  of  obliteration 
of  the  portal  vein  in  the  human  subject  are  cited  in  works 
upon  phvi&iology.  In  a  note  to  the  ctmiraunication  of  Ore 
in  the  Coinpiea  rendus^  Andral  reports  the  case  of  a  patient 
that  died  of  dropsy,  and  on  post-mortem  examination  the 
portal  vein  was  found  obliterated.  In  this  instance  the  gall- 
bladder was  found  full  of  bile,*  In  addition,  instances  in 
which  the  portal  vein  emptied  into  the  vena  cava  have  been 
reported/  and  in  none  was  there  any  deficiency  in  the  secre*^ 
tion  of  bile. 

If  the  experiments  upon  the  effects  of  tying  the  hepatic 
artery,  and  the  observations  of  instances  of  obliteration  of 
the  portal  vein  and  of  congenital  malformation,  in  which  the 
portal  vein  does  not  go  to  the  liver,  be  equally  reliable,  there 

I  Comptn  r^tdwi,  Frttia,  1856,  tome  zliiL,  p.  467. 

*  JLfiKRNKTUYf  Aemuni  of  two  Tiuiajifmof  Unctfmman  Jbrntafkm^  in  tAeVUttra 
ofthtHHtnitn  BoJjf. — I^Ho§ophie€il  Traruadiom,  London,  1TU8,  p,  59. 

LiWRKNCS,  Ai«(mnt  of  «  (TMld  bom  vitkout  a  Bram^  tehich  Und  /aur 

J)ay9  ;  with  a  ^hieh  of  tktprintipat  deviaiionsfrotn  tht  ordinaty  FomutHon  of  the 
Botfy  ;  Bfrnarht  on  their  J\offufiwn^  and  a  viem  of  tome  Phytioioffkal  Inferencet  l& 
widek  «4*y  frW,--JWk)0-CA»rwyi«r/  7Vwi«f<fio*M.  London^  1814,  roL  v*,  p,  174. 
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IS  but  one  conclusion  to  be  drawn  from  them;  and  that  is, 
thi  bile  may  be  secreted  from  either  venoufi  or  arterial 
blooi    This  Tiew  is  not  inconsisteiit  with  what  we  know 
of  the  g:eneral  process  of  secretion  and  its  applications  to 
riie  production  of  bile.    Regarding  the  bile  as  in  part  an 
eicrementitious  fluid,   its  effete    element,   choleeterine,  is 
^ntained  both  in  the  blood  of  the  portal  vein  and  in  the  he- 
itic  artery.    Its  recremeatitiouB  principles,  glycocholatee, 
ocholates,  etc.,  we  suppose  are  produced  de  novo  in 
le  liver,  out  of  materials  furnished  by  the  blood.     The 
:act  nature  of  the  production  of  elements  of  secretion  by 
glandular  cells  we  do  not  underBtand  ;  but  there  is  no  good 
reason  to  suppose  that  the  principles  necessary  for  the  for- 
mation of  bile  mav  not  be  fumiBhed  bv  the  blood  of  the 
portal  vein,  as  well  as  by  the  hepatic  artery. 

The  view  most  nearly  in  accordance  with  all  the  facts 
bearing  on  the  question  is,  that  bile  is  produced  in  the  liver 
from  the  blood  distributed  in  its  substance  by  the  portal 
vrin  and  the  hepatic  artery,  and  not  from  either  of  these 
t«86els  exclusively ;  and  that  the  bile  may  continue  to  be  se- 
,  oeted,  if  either  one  of  these  vessels  be  obliterated,  provided 
^Ble  supply  of  blood  be  sufficient. 

■  < 

1  Tnon 


Quantity  of  BiU, — The  estimates  of  the  daily  quantity 
^bile  in  the  human  subject  must  be  merely  approximative; 
Slid  our  only  ideas  on  this  point  are  derived  from  experi- 
inenU  upon  the  inferior  animals.  The  most  complete  and 
liable  observations  on  this  subject  are  those  of  Bidder  and 
hmidt,  and  were  made  upon  animals  with  a  fistula  into  the 
gall-bladder,  the  ductus  communis  having  been  tied/  These 
observers  found  great  variations  in  tlie  daily  quantity  in  dif- 
ferent classes  of  animals,  the  quantity  in  the  camivora  being 
i«8niallest.  Applying  their  results  to  the  human  subject, 
'Qming  that  the  amount  is  about  equal  to  the  quantity 
*creted  by  the  carnivora,  the  daily  secretion  in  a  man 
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weighing  one  liundred  and  forty  potmds  would  be  about  two 
and  a  half  pounds.' 

Variations  in  the  Flow  of  the  BU^. — We  have  already 
considered,  in  another  section,  the  variations  in  the  flow  of 
bile,  and  their  relation  to  the  process  of  intestinal  digestion.* 
It  is  sufficient  in  this  connection  to  repeat  that  the  discharge 
from  a  biliary  fistula  in  a  dog  increafies  immediately  aftei 
eating;  that  it  is  at  its  maxinium  from  the  second  to  the 
eighth  hour,  during  which  time  it  does  not  vary  to  any  great 
extent ;  after  the  eighth  hour  it  begins  to  diminish,  and  from 
the  twelfth  hour  to  the  time  of  feeding,  it  is  at  its  minimum. 
Prof.  Dalton  made  observations  on  the  flow  of  bile  from  a 
fistula  into  tlie  duodenum,  which  would  represent  the  physi- 
ological discharge  of  bile  into  the  intestine  more  nearly 
than  observations  with  a  biliary  fistula.  He  found  that 
by  far  the  largest  quantity  pa^es  into  the  intestines  im- 
mediately after  feeding  and  within  the  first  hour.*  These 
results  agree  in  all  essential  particulars  with  previous  obser- 
vations on  this  subject,  which  have  been  very  numerous: 
and  they  show  that  while  the  bile  is  dischai^ed  much  more 
abundantly  during  intestinal  digestion  than  during  the  in- 
tervals of  digestion,  its  production  and  discharge  are  eon- 
Btant.  This,  we  shall  see  in  the  next  chapter^  is  a  strong 
argument  in  favor  of  the  view  that  the  liver  has  an  excre- 
mentitious  function. 

The  bile  is  stored  up  in  the  gall-bladder  to  a  consider- 
able extent  during  the  intervals  of  digestion.  If  an  animal 
he  killed  at  this  time,  the  gall-bladder  is  always  distended ; 

*  This  is  Ui«  estiiDftte  adopted  hj  Dulton  ( Treatim  mi  Human  JPTtytiofo^, 
Phlkdelpbia,  1867,  p*  172)u  In  onr  own  experiments^  made  on  a  dog  wiih  a 
bilinry  fistula,  the  object  was  not  so  much  to  ascertain  the  entir«  quantity  of 
biJtj  in  the  twentj-four  hoQra  as  to  note  the  Tartadons  in  its  flow.  The  estimate 
was  made  in  a  dog  that  had  hi^come  somen hiLt  enfeebled,  and  Li  undoiUitedl; 
too  low.     (See  vol  ii.»  Digestion^  p*  37C.) 

*  See  7ol.  \L,  Digestion^  p.  S7fi. 
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is  found  empty,  or  nearly  so,  in  animals  killed  during 
itiaa. 

The  influence  of  the  nervous  sy&tem  upon  tlie  secretion 

^f  bile  has  been  yerj  little  etudied,  and  the  question  is  one 

^f  great  difficulty  and  obscurity.     The  liver  is  supplied  very 

abundantly  with  nerves,  both  from  the  cerebro-spinal  and 

fte  sympathetic  system,  and  some  observations  have  been 

made  upon  the  influence  of  the  nerves  on  its  glycogenic 

fiiiLOtion ;  but  with  regard  to  the  secretion  of  bile,  we  can 

aidy  apply  our  general  remarks  concerning  the  influence  of 

the  nervona  system  on  secretion/ 

The  bile  is  dischai^ed  through  the  hepatic  ducts  like  the 
tion  of  any  other  gland.  During  digestion,  the  fluid 
umulate^i  in  the  gall-bladder  passes  into  the  ductus  com- 
munis, in  part  by  contractions  of  its  walls,  and  in  part,  prob- 
ably, by  compreasion  exerted  by  the  distended  and  congested 
digestive  organs  adjacent  to  it.  It  seems  that  this  fluid, 
^which  is  necessarily  produced  by  the  liver  without  inter- 
Dusaion,  separating  from  the  blood  certain  excretnentitioua 
matters,  is  retained  in  the  gall-bladder  for  use  during 
digestion^ 

^  See  imge  28,  d  seq. 

Th«  eitetit  of  our  knowledge  of  the  iufiiience  of  the  nerroas  system  on  the 
fi«cr^i(?n  of  bile  U  well  presenteti  in  the  fotlovritig  paragraph  : 

'^The  nerroiu  sratem  has  Ajsuredly  a  very  great  influence  on  the  resorption 
ofbiU  or  on  on  obstacle  offered  to  its  dbcharge  ;  but  we  know  nothing  diatinct 
ftlilif«  I19  this  aedon,  although  we  cannot  deny  it  In  the  face  of  instaooes  whore 
fetf  ha*  been  tufflcient  to  tudd^tily  produce  icterus.  The  cause  of  this  can 
^J  U  attributed  to  the  influence  of  the  pneumogagtrio  or  the  grand  ijmpu 
Iketac  (]^iii:$4aQ,  IdquidBt  4k  forgwiMm^  FuU,  1859,  tome  ii.,  p.  212). 


OHAPTEE   IX. 

EXOEETOEY  FUNOnON    OF  THE   LIVEB. 

General  properties  of  the  bile— Composition  of  the  bile— Biliary  8alt»— T»iir»- 
cholate  of  soda — Gl  jcocholate  of  soda — Origin  of  the  biliary  salts— CtioJei- 
tcrine — Process  for  the  extraction  of  cholesterine— BiliTcrdine— ^Test«  &r 
bile— Test  for  biliverdine— Test  for  the  biliary  salts— Pettenkofer's  tmt 
— Excretory  function  of  the  liver — Origin  of  cholestcrine — Experimeotf 
showing  the  passage  of  cholesterine  into  the  blood  as  it  circulates  throogh 
the  brain — Analyses  of  Tenons  blood  from  the  two  sides  of  the  bodj  is 
cases  of  hemiplegia — Elimination  of  cholesterine  by  the  liver— Analjie^ 
showing  accumulation  of  cholesterine  in  the  blood  in  certain  cases  of 
organic  disease  of  the  liver— Gholestersemia. ' 

Although  tlie  function  of  the  bile  in  intestinal  digestion 
is  essential  to  life,  we  know  very  little  of  its  mode  of  action ; 
and  we  have  thought  proper  to  defer  until  now  a  full  con- 
sideration of  the  properties  and  composition  of  this  secretion. 
For  an  account  of  what  is  known  of  its  digestive  function, 
the  reader  is  referred  to  the  section  of  volume  second,  treat- 
ing of  digestion.  We  shall  show,  in  this  connection,  that  the 
liver  excretes  one  of  the  most  important  of  the  effete  princi- 
ples ;  but  before  taking  up  the  relations  of  the  bile  as  an  ex- 
cretion, it  will  be  necessary  to  study  its  general  properties 
and  composition. 

General  Properties  of  the  JBUe. — The  secretion,  as  it 
comes  directly  from  the  liver,  is  somewhat  viscid ;  but  after 
it  has  passed  into  the  gall-bladder,  its  viscidity  is  much 
greater  from  farther  admixture  of  mucus. 

The  color  of  the  bile  is  very  variable  within  the  limits 
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^^altL    It  may  be  of  any  gbade  between  a  dark,  yellow- 

gi'een  and  a  reddigh-brown.  It  is  semitranspareiit,  ex- 
*^Pt  when  the  color  is  very  dark.  In  different  classes  of 
^'^iinals  the  variations  in  color  are  very  great.  In  the  pig 
**  is  bright-yellow ;  in  the  dog  it  is  dark-brown  ;  and  in  the 
^^  it  18  greenish-yellow*  As  a  rule,  the  bile  ie  dark-green 
*tt  the  carnivora  and  greenieh-yellow  in  the  herbivora. 

The  specific  gravity  of  tbe  human  bile,  according  to  Prof, 
dton,  is  lUlS; '  but  this  is  somewhat  lower  than  the  aver* 
nsnally  given,  which  is  from  1O20  to  lr)26.*  When  the 
lie  is  perfectly  fresh,  it  is  almost  inodorous,  but  it  readily 
idergoes  putrefactive  changes.  It  lias  an  excessively  dis- 
Teeable  and  bitter  taste.  It  is  not  eoagidated  l>y  heat, 
ten  mixed  with  water  and  shaken,  it  becomes  frothy, 
fbably  on  account  of  the  tenacious  mucus  and  its  sapona- 
ufl  constituents. 
It  is  generally  stated  that  the  bile  h  invariably  alkaline. 
This  is  true  of  the  fluid  discharged  from  the  hepatic  duct,* 
iltliough  the  alkalinity  is  not  strongly  marked;  but  tho 
reaction  varies  after  it  has  passed  into  the  gall-b!adder. 
Bernard  found  it  sometimes  acid  and  sometimes  alkaline 
ill  the  gall-bla»ider,  in  animals,  dogs  and  rabbits,  killed 
under  various  conditions  ;  *  but  many  of  these  animals  were 
Bering  from  tlie  effects  of  severe  operations.  In  tho 
k'patic  ducts  the  reaction  is  always  alkaUne ;  and  there  are 
^  observations  on  human  bile  that  show  that  the  fluid  is 
Dot  alkaline  in  all  of  the  biliary  passages. 

We  have  already  noted  the  fact  that  the  epithelium  of 
rte  biliary  passages  is  strongly  tinged  with  yellow,  even  in 
"viag  animals.  This  is  due  to  the  remarkable  facility  with 
^bieh  the  coloring  principle  of  the  bile  stains  the  animal 
^J^seues.     This  is  very  well-illustrated  in  icterus,  when  even  a 


*  Baltoh,  TYeatiM  on  Humnn  Ph^violoffy^  Philadelphia,  1867,  p.  169. 

*  LoNorr^  DraUi  de  phtflnof^j^ie^  Tjins,  1868,  tome  L»  p.  278. 
'  Ro&tx^  X^font  wur  Us  humrurs,  PariB,  1867^  p.  S3 8, 

*  finxA&j),  XAquidet  dt  rorffanume,  Paris.  1859,  tome  11.^  p.  212. 
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amall  quantity  of  tliis  coloring  matter  finds  its  way  into  tBi 
eirculatioru 

Perfectly  normal  and  fresh  bile,  examined  with  the  niicr— 
scope,  presents  only  a  certain  amount  of  mucuSj  the  charflB 
tei*8  of  which  we  have  already  described.  There  are  si 
formed  anatomical  elements  characteristic  of  this  fluid.  TLei 
fatty  and  coloring  matters  are  in  solution,  and  not  in  the 
form  of  globules  or  granules. 
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It  19  a  remarkable  fact,  that  aitbou|^h  the  bile,  iu  a'p^ 
fectly  fresh  and  normal  condition,  may  be  obtained  from  the 
inferior  animals  with  the  greatest  facility^  no  gatisfactory 
analyses  of  its  cliaracterij^tic  principles  were  made  l^efore  the 
examinations  of  ox-gall  by  Strecker,  in  1848.  The  bile  is, 
however,  one  of  the  most  imjxvrtant,  but  least  understood, 
of  the  animal  fluids  ;  and  our  scanty  information  with  regard 
to  its  functions  has  been  in  a  measure  due  to  the  want  of  an 
exact  knowledge  of  its  physiological  chemistry.  We  shall 
study  the  composition  of  the  bile  very  closely,  and  shall  show 
tliat  it  contains  two  classes  of  constituents;  one  class — ele- 
ments of  secretion — whicli  is  reabsorbed ;  and  another — an 
element  of  excretion — wliieh  is  discharged  in  a  modified  fonn 
in  the  fffices.  The  latter  involves  a  newly-described  function 
of  the  liver,  but  our  infonnation  is  much  more  positive  and 
definite  concerning  it  than  with  regard  to  the  digestive  action 
uf  the  liile.  In  treating  of  the  sul>ject  of  digestion,  we  have 
alrea<ly  indicated  some  of  the  difficulties,  wln'ch  have  been 
but  imperi'ectly  overcome,  in  the  study  of  the  action  of  the 
bile  as  a  true  secretion,  or  a  recrementitions  fluid.  Tlie  rea- 
son why  the  same  obscurity  has  prevailed,  imtil  very  reeentl  v, 
with  i-egard  to  the  function  of  the  bile  as  an  excretion  is 
that  physiologists  have  regarded  what  are  known  as  the 
biliary  salts  as  the  only  really  important  constituents ;  and 
these  salts  have  eluded  chemical  investigation  after  the  dis- 
charge of  the  bile  into  the  small  intestine.     Oar  recent  posi- 
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ft^6  Vnowledge  of  the  excrementitioiis  function  of  the  liver 
^  dne  to  the  recognition  of  cholesterine,  an  invariable  con- 

&t*itueiit  of  the  bile,  as  one  of  the  most  important  of  the 

element*  of  excretion. 


Composition  of  Hitman  £ile,^ 

Vitcr »15*00  to  819*00 

Tkurochokte,  orcboleateof  soda  (NaO,C»,H4i50MS,)  B6-60  "    lOd'OO 

Glreochotftte,  or  cholate  of  aoda  (NaO, CtiH^sNOn) fcroces. 

ChoJttkfme  (Ct»H„0> I'ftO  to      2fi6 

BUiverdine 14-00**     80*00 

Uettbene ) 

„       .        ,.           J               ^              [ 8*20  **     31*00 

liipfjiiei  oleine,  and  tracer  of  Boaps,  1 

MiM  (C„H„Na,). traoes^ 

CWoride  of  Bodium. 2*77  to      3*50 

PbosphAte  of  soda. 1-60  *•       2^50 

Fboiphite  of  potassa, 0*76   **       1*50 

Ihoiphateonime... 009   "       1-88 

Jkeipbate  of  iiiflgii€8ia 045    **       0*80 

&lliofiron , 016    "       0-30 

Sdta  of  inangaDese •  -  ♦ . .  traoea  "       0*12 

Sfidcicid O'OS   '*       O-Oe 

Htuoilius traoea. 

Um 3'45  to       121 


1^00000     1,000*00 

There  are  no  peculiarities  in  the  composition  of  the 
bile,  as  regards  its  inorganic  constituents,  which  demand 
'more  than  a  passing  mention.  It  contains  no  coagulable 
wganic  principJe,  except  mncasine,  and  all  of  its  constitu- 
ents are  simply  solids  in  fiolntion.  The  quantity  of  Bolid 
inatter  is  very  large,  and  the  proportion  of  water  relatively 
small ;  but  in  comparing  its"  proportion  of  water  with  that 
of  otber  fluids  in  the  body,  as  the  hlood-platsma,  Ij^mph  and 
cliyle,  milk,  etc.,  it  must  be  remembered,  as  is  suggested  by 

'  Thii  tabic  of  the  com  position  of  the  bile  is  compiled  from  Robin  (Lepont 
'^^^kumtHrt,  Paris,  1867,  p.  542).    In  making  tip  the  toble,  the  difference  be- 
I  ^*^  llie  lum  of  the  eonBtituetitfi  and  1,(k:>0  has  besu  put  m  as  ^^loss.^'     We 
wtoaiUted  leucine^  tyrosine,  and  urea,  as  their  exbtenco  as  proximate  pim- 
^*  (jf  normal  bile  ia  doubtful 
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Robin/  that  all  of  these  contain  water  entering  into  the 
composition  of  their  coagulable  principles ;  so  that  their  pro- 
portion of  water,  as  it  is  ordinarily  given,  is  really  not  o:reater 
than  in  the  bile.  Among  the  inorganic  salts,  we  find  chloride 
of  sodium  in  considerable  quantity,  and  a  lai^e  proportion  of 
phosphates.  We  also  note  the  presence  of  salts  of  iron,  of 
manganese,  and  a  small  proportion  of  silicic  acid.' 

The  fatty  and  saponaceous  matters  demand  hardly  any 
more  extended  consideration.  A  small  quantity  of  margarine 
and  oleine  are  held  in  solution,  partly  by  the  small  propor- 
tion of  soaps,  but  chiefly  by  the  taurocholate  of  soda.  These 
principles  sometimes  exist  in  larger  quantity^  and  may  be 
discovered  in  the  form  of  globules.  The  proportion  of  soapd 
is  very  small.  Lecithene,  a  phosphorized  fat,  is  mentioned  by 
Robin  and  others,  but  its  constitution  is  not  definitely  set- 
tied.  All  that  is  known  of  this  principle  h  that  it  is  a 
neutral  fatty  substance  extracted  from  the  bile,  and  is  capa- 
ble of  being  decomposed  into  phosphoric  acid  and  glycerine. 
Choline  (C,^II„NO,)  is  a  peculiar  alkaloid  found  in  the  bile 
in  exceedingly  minute  quantity. 


Biliary  Salt9. 

The  principles  which  we  have  called  biliary  salts  are 
compounds  of  soda  with  peculiar  organic  acidjs,  found  no- 
where but  in  tlie  liver,  and  undoubtedly  produced  in  this 
organ  from  materials  furnished  by  the  blood.  The  fact  that 
the  bile  possesses  peculiar  principles  has  long  been  recog- 
nized. It  is  unnecessary,  however,  to  follow  out  in  detail 
the  earlier  chemical  investigations  into  their  properties  ;  for 
the  biliary  matter  of  Berzelius  and  the  picromel  and  biliary 
resin  of  Thenard  are  now  known  to  be  composed  of  sev- 
eral distinct  proximate  principles.      Our  exact  knowledge 

^  RoBiW|  i>fon«  8ur  Jet  hvmeurf^  Paria,  1867,  p.  MS. 

*  The  presence  of  bjdrochlorata  of  ammonm  and  the  ammonio-magtie^iac 
phoaphiite  has  lately  been  indicated  in  tbe  bile  by  M.  Bergeret  (de  Siiiiit*Leger) 
^-Journal  de  raruaomie,  Pftrij,  1809,  tome  ri.^  p,  437. 
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^  tkae  substances  dates  from  the  analyeis  of  ox -bile  by 

Ktrecker.  He  obtained  two  peculiar  acids,  cholic  and  clioleic 
^id,  which  he  found  in  the  bile,  in  combination  with  BodaJ 
In  the  subseqnent  reeearche^  of  Lelmiann,  these  acids  are 
CaDed,  respectively,  glycocholic  and  taurocholic  acid,  and 
the  salts,  glycocholate  and  taurocholate  of  soda.' 

In  human  bile,  the  proportion  of  glycocholate  of  soda  is 
Tery  small,  the  biliary  matter  existing  almost  entirely  in  the 
fbim  of  the  taurocholate.  The  taurocdiolato  may  be  precipi- 
tated from  an  alcoholic  extract  of  bile  by  ether,  in  the  form 
of  dark,  resinous  drops.     These  do  not  crystallize,  and  the 

Rnonut  of  glycocholate,  which  is  precipitated  in  the  same 
ay  and  soon   assumes  a  crystalline  farm,  is  very  filight. 
Prot  Dalton,  who  has  studied  the  biliary  salts  very  closely^ 
at  first  was  unable  to  obtain  any  crystalline  matter  from 
iiiman  bile,  but  he  has  lately  found  it  in  minute  ([uantity.* 


i 


Tauro€hdats  of  Si>du  (NaO,C„II,,NO,.S,).— There  is 
Mme  doubt  whether  the  resinous  drops  obtained  by  the  ad- 
Jition  of  an  excess  of  ether  to  a  strong  alcrJiolic  extract  of 
bile  consist  of  a  proximate  principle  in  a  perfectly  pure 
state.  These  drops  are  not  crystallizable,  and  this  has  led 
to  the  opinion,  expressed  by  Robin  and  Verdeil,  that  they 
tt«  impure.'  In  fact,  even  now^  there  is  a  certain  amount 
jjf  oWurity  with  regard  to  the  character  of  these  peculiar 
ftliary  salts.  In  ox-bile,  the  non-crystallizable  and  the 
cnstallizable  salts  exist  together;  but  in  human  bile,  the 

^  Stucebl,  Unigmukang  der  O^B^^k^'-^AnnaUn  der  Chemk  und  Pharmacii^ 
Bitddberg,  1S48,  BiL  lir.,  S.  l^ei  teq.;  Beobadkiunsfm  Uber  die  GdU  t*er- 
''toller  ThitT€^  Idem,  1849,  Bd.  lix.,  S.  149,  et  Mq.  An  analysis  of  Ihese  ob- 
"srntS^jnf  tfl  given  In  the  Journal  tU  jJuirtriaae  H  de  ^htmif,  PviS}  1848,  tome 
>^,p.  215;  184i»,  tome  xv.,  p.  153  ;  and  tome  xrl,  p,  4&(X 

*LtBiLk.vx,  I^ynofcffieal    Chemittr^^  Phll&delphiA,   1855,  rol  ii.,  p.  20i| 

'BuTOS.  Treatise  on  Human  Fkt^vff^^  Philadelphia,  1807^  p.  Ifll 
^BoBUt  IT  Tkrdeil,    Traits  de  chimie  anaiQmique^  Paris,  1858,  tome  U^ 
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greatest  part  is  in  the  form  of  what  we  know  as  the  ta^ 
cholate  of  soda. 

These  salts  may  be  readily  obtained  from  ox-bile 
separated  from  each  otlier  by  the  following  process:  The 
bile  is  first  evaporated  to  dryness  and  piilyerized.     The  drf 
residue  is  then  extrac^ted  with  absolute  alcohol  and  filtered.^d 
In  this  part  of  the  process,  Dr.  Dalton  uses  five  grains  of  the^^ 
dry  residue  to  one  fluidrachm  of  alcohol.*    The  filtered  fluid 
is  of  a  clear,  yellowish  color,  and  contains  fats  and  color 
matter,  in  adtlition  to  the  biliary  salts.     To  precipitate  1 
biliary  salts,  a  small  quantity  of  ether  is  added,  which 
duces  a  dense,  white  precipitate  that  redissolves  by  agitation 
Another  small  quantity  of  ether  is  again  added,  and 
preeipitate  thus  produced  is  dissolved  by  shaking  the  mix- 
ture.    This  process  is  repeated  carefully,  adding  the  ether 
and  shaking  the  mixture  after  each  step,  until  the  precif 
tate  becomes  permanent.     An  excess  of  ether — from  eigh 
to  ten  times  the  bulk  of  the  alcoholic  extract  used — is  th€ 
added,  the  test-tube  or  flask  is  carefully  corked,  and  th 
mixture  is  set  aside  to  crystallize^     Gradually  the  den 
white  precipitate  falls  to  the  bottom  of  the  vessel  or  become 
attached  in  the  form  of  resinous  drops  to  the  sides  of  th 
glass ;  and  in  from  six  to  twenty-four  hours  it  begins  to  form 
delicate  acicular  crystals,  arranged  in  rosettes.     These  are 
crystals  of  the  glycocholate  of  soda;  and  the  non-crystal- 
lizable  matter  remaining  is  the  taurocholate  of  soda* 

To  separate  these  two  salts,  the  ether  is  rapidly  poured 
off,  and  the  crystalline  and  resinous  residue  is  dissolved  in 
distilled  water.     On  the  addition  to  this  solution  of  a  little 
acetate  of  lead,  the  glycocholate  is  decomposed  and  precif 
tated  in  the  form  of  glycocholate  of  lead,  leaving  the  tai] 

^  Dalton^  Treatite  on  Human  Fhyndogy^  Philaddphiii,  1867,  p.  162,  H  mq^ 
ttnd  On  the  Conttitution  and  Ph^oloffy  of  the  Bi/e. — Amm^n  J<mmal  of  t!m 
Medical  Sciencet^  PhilndelpbJii,  1857,  New  Serieu^  toI  ixxit.,  p.  805,  «f  «^,  Tbe 
details  of  the  processei  for  the  extraction  of  the  biliary  suits  Are  uken  from 
Dalton,  who  has  fitudied  thin  subject  very  carefullyf  and  who^  mvUiod  is  siiople 
and  entirely  satlafactory. 
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^lata  in  solution.     The  glycotiholate  of  lead  is  then  sepa- 

^Ud  by  filtration,  and  the  subacetate  of  lead  is  added  to  the 

^U^red  fluid.     This  decomposes  the  tauroeholate,  and  the 

^«Urocholate  of  lead  is  precipitated.     The  fiubacetate  of  lead 

^ill  decompose  lK>th  the  glycocholate  and  the  taurocholate, 

but  the  glycocholate  only  is  acted  upon  by  the  acetate  of 

lead.    The  glycocholate  and  the  tatirocholate  of  lead  arc 

then  carefully  washed  and  treated  separately  with  the  car- 

l>oiiate  of  eoda,  which  gives  the  original  salts  in  nearly  a 

pure  state. 

The  taurocholate  of  soda  is  a  proximate  principle  of 

ttic  bile,  and  it  is  not  necesBary  to  describe  fully  in  detail 

tlie  purely  chemical  processes  by  which  it  is  decomposed, 

"With  a  little  care,  the  taurocholic  acid  may  he  obtained  in  a 

Btate  of  tolerable  purity,  and  by  prolonged  boiling  with  pot- 

mah,  may  be  decomposed  into  a  new  acid  and  taurine*    Some 

oonfusion  exists  in  the  Iwoks  about  the  name  of  this  new 

&cid.    Strecker  calls  it  cholalic  acid^  and  applies  the  name 

of  cholic  acid  to  what  we  have  described  as  glycocholic  acid. 

^A  we  have  adopted  the  nomenclature  of  Lehmann,  we  shall 

cill  it  cholic  acid.    Its  formula  h  C„n,.0»HO.     The  for- 

xnvlh  for  taurine  is  C^H,NO,S,.     It  must  be  remembered, 

Tiowever,  that  these  snb&tances  are  formed  artificially  and  are 

Hot  true  proximate  principles.    Tliey  have  been  described  in 

explanation  of  the  name  taurocholic  acid,  wdiich  has  been 

applied  to  it  on  the  assumption  that  the  different  bihary 

adds  are  formed  of  cholic  acid  united  with  taurine  or  other 

hfteic  substances. 

If  human  b0e  be  treated  in  the  manner  just  described^ 
frequently  no  crystalline  matter  is  obtained,  and  when  it 
pxiits,  it  is  in  very  small  quantity.  The  great  mass  of  the 
precipitate  is  composed  of  the  taurocholate  of  soda.  This, 
^hen  it  has  been  thoroughly  purified ,  is  whitish  and  gummy, 
^^  soluble  in  water  and  alcohol,  and  insoluble  in  ether* 
It  is  melted  with  slight  heat,  and  is  inflammable.  Its  reac- 
%  18  neutral    It  has  a  peculiar,  sweetiiih-bitter  taste*    The 


fetetice^'-^    ^    acetate  ^^e  **7  ^^tftYTv  »^^\„et»t«l«' 

cl^'*^'   \  aft  foT  *^  Tvere  c«»  ^ .  „Te  V^ 
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Stmde,'  Lehmann,'  and  MoleBchott,*  on  frogs^  in  wliich  the 
liver  w*as  removed  and  the  animal  survived  several  days,  and 
in  the  observations  of  Moleschott,  between  two  and  tliree 
weeks,  it  was  found  impoftsiblo  to  determine  the  accumula- 
tion of  the  biliary  salts  in  the  blood.  There  is  no  reason, 
therefore,  for  supposing  that  the^e  principles  are  products  of 
;  diaasgimilation.  Once  discharged  into  the  intestine,  they 
undergo  certain  changes,  and  can  no  longer  be  recognized  by 
theu&nal  tests;  but  experiments  have  shown  tiiat,  changed 
or  unchanged,  they  are  absorbed  with  the  elements  of  food/ 
They  are  probably  the  elements  concerned  in  the  digestive 
function  of  the  bile. 


lore  the  publication,  in  1802,  of  a  memoir  on  a  new 
excretory  function  of  the  liver,  the  function  and  relations  of 
cliolesterine  were  not  known,  and  this  substance  was  hardly 
mentioned  in  most  w^orks  on  pliysiology.  As  we  believe 
that  it  must  now  be  recognized  as  one  of  the  most  impor- 
tant of  the  products  of  disassimilation,  it  becomes  interesting 
*nd  important  to  study  its  properties  more  closely. 

The  first  description  we  have  of  cbolesterine  is  by 
Fotircroy,  who  states  that  it  was  discovered  by  Poulletier 
de  la  Salle,  in  1782/  Fourcroy  also  described  adipocire, 
which  he  likened  to  cbolesterine,  although  he  did  not  con- 


*  Kin^DV,  D*  HepntU  ExHrpatiofUiy  3mertalio  hiauffwrolU^  Berolini,  1850. 

*  Lkbmikx,  J^hj^olopicai  Chtjnutry^  FbilBdelplitA,  1855^  voL  L,  p.  47S. 

*  JfoLESCHOTT,  3ur  la  MkrHion  du  tucre  ei  de  la  W/«  d&m  U  /oie,^^CompUt 
r,  Pmria.  1855,  tome  xL,  p.  1040. 

Mof«schott  wu  more  successful,  in  these  experlmcnta,  than  utir  of  those  who 
llid  preceded  bim.     Ho  exlirpatcd  the  IiTer  from  n  great  number  of  frogs^  and 
mtcceeded  in  keeping  them  alive  for  two  or  tliree  weeks ;  but  be  could  never 
L^ttect  ID  the  blood  the  bile^pigtnent  or  the  biliary  saltd, 
^H[    *  See  ToL  ii.,  DigeaUon,  p.  374,  et  aeq, 

^^m  *  FouBCROTi  Mhnoire  tur  la  nature  fie*  atteratlofn  q^i'iiironitvt  qurkpt^s  htt* 
^^b^n  animaJex,  par  fcffet  det  maladirs  cipar  Potion  de§  rafnMes.^Mhnoim  de 
^U  SoeUU  Mo^  di  Mid^dme^  iTSi^HSS^  Paris,  1788,  p.  489.     The  substance 
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eider  the  two  substanceB  identical/  In  1814,  Clicrretil  gave 
a  full  description  of  cholesterine,  and  extracted  it  from  the 
l)ile  of  the  human  subject  and  some  of  the  inferior  ani 
mals.*  It  wa^  afterward  found  by  different  observers,  in 
gall-stoncB,  intestinal  concretiona,  cysts,  and  tumors.  In 
1830,  Denis  described  a  subetance  in  the  blood,  which  ho 
thonght  was  cholesterine,  and  its  discovery  in  this  fluid  is 
attributed  to  him  by  most  authors ;  but  in  1838,  he  acknowb 
edged  the  error  of  his  first  observation,*  and  admits  that 
ebolesterine,  with  a  new  substance  analogous  to  it,  called 
seroline,  was  discovered  in  the  blood,  in  1S3S,  by  Boudet.* 

Cholesterine  is  now  recognized  aa  a  normal  constituent 
of  various  of  the  tissues  and  fluids  of  the  body.  Most 
authors  state  that  it  is  found  in  the  bile,  blood,  liver,  nervous 
tifisue,  crystalline  lens,  meconium,  and  fsecal  matter.  We 
have  found  it  in  all  these  situations,  with  the  exception  of 
the  faeces,*  where  it  does  not  exist  normally,  having  been 
transformed  into  stercorine  in  it*  passage  down  the  intestinal 
canal." 

In  the  fluids  of  the  body,  cholesterine  exists  in  solution; 
but  by  virtue  of  what  constituents  it  is  held  in  this  condition, 

described  by  Fourcroy  was  uniioubtedly  cholesterine;  bat  it  remftin^  fof 
Oh€fVreiiI  to  deftcribe  its  properties  accurately  and  give  it  the  name  by  which  it 
is  now  known.     The  observiitions  of  Ohevreiil  will  be  referred  to  farther  on. 

^  FotJBCROr,  Dtuxihne  inhnmre  tur  tt9  matiht^  miimales  trmmkm  dam  la  C^ 
metihre  dea  Iniioeena  d  Park* — Annalea  da  cMmU^  Paris  1791,   tome  fliL,  y, 

*  Chevrkul,  Re<:shercha  chimiqut^  8ur  pfmimrs  corp$  grai,  Cmqutime  tnl- 
motre.  Det  eorjn  ^^on  a  appdU  adipoetre, — Annafet  de  chimU^  Paria,  1810,  tomt 
atovi.,  p.  7. 

'  DeniSj  E$»ai  mr  tapplicaliwi  de  la  ehimU  d  VUvd$  ph^oogiqu^  du  mn^di  | 
themmtt  Pans,  1838,  p.  147. 

*  BotTDET,  NoHvdleM  reckereha  sur  la  eompimtion  du  afrum  du  sang  humaliL-^ 
Annaim  de  ehimie  el  de  phyMique^  P«rifl,  1833,  tome  Hi,,  p,  837* 

*  For  a  table  of  the  quftiitltiea  of  cholesterine  in  varioua  situations,  see  ar* 
ftrticte  by  the  author,  on  a  Nn^  Enrdort^  Funeiion  cf  tkt  lAtfer, — Amtrican  Jowr^ 
Tudof  (he  Medknl  Sckntn,  Pbiladelphia,  1862,  New  Series,  vol.  xliv,,  p.  81*, 

*  See  vol  iL,  Digeatioo,  p.  399,  et  weq. 
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^  Got  entirely  settled.    It  k  stated  that  tlie  biliarj^  salts  have 
^te  power  of  holding  it  in  solution  in  the  bite,  and  that  the 
^m&il  amount  of  fatty  acids  contained  in  the  blood  hold  it  in 
Eolation  in  that  fluid ;  but  direct  experiments  on  this  point 
^T^  wanting*    In  the  nervous  substance  and  in  the  crystalline 
lens,  it  is  united  **  mdemde  a  molecule  '*  to  the  other  elements 
VFhich  go  to  make  up  these  tissues.     After  it  is  diachai^ed 
into  the  intestinal  canals  when  it  is  not  changed  into  sterco- 
rtn^  it  is  to  be  found  in  a  crystalline  form ;  as  in  the  meco- 
nimn<  and  in  the  fceces  of  animals  in  a  state  of  hibernation. 
In  pathological  fluids  and  in  tumors,  it  is  found  in  a  crystal- 
line form,  and  may  be  detected  by  microscopic  examination* 
Cholcsterine  is  usually  described  as  a  non-nitrogenized 
I*Tinciple,  having  all  the  properties  of  the  fats,  except  that 
<»f  saponification  with  the  alkalies.     Its  chemical  formula  is 

»^ven  aa  C„H„0.  It  is  neutral,  inodorous^  crystallizable, 
i^tfioluble  in  water,  soluble  in  ether,  very  soluble  in  hot  alco- 
liol,  tliough  sparingly  soluble  in  cold.  It  is  inflammable, 
«Liid  bums  with  a  bright  flame.  It  is  not  attacked  by  the 
«iikAlies,  even  after  prolonged  boiling.  When  treated  with 
strong  sulphuric  acid,  it  strikes  a  peculiar  red  color,  which 
is  mentioned  by  some  as  characteristic  of  cholesterine.  We 
liave  found  that  it  posseeses  this  character  in  common  with 
tie  soK^alled  seroHne,' 

Cholesterine  may  easily  and  certainly  be  recognized  by 

the  form  of  its  crystals^  tlie  characters  of  wliich  can  be  made 

out  by  means  of  the  microscope.     They  are  rectangular  or 

rhomboidal,  exceedingly  thin  and  transparent,  of  variable 

Size^  with  distinct  and  generally  regular  borders,  and  fre- 

<iuently  arranged  in  layers,  with  the  borders  of  the  lower 

Rtnu  showing  through  those  which  are  superimposed.     This 

wanpsment  of  the  crystals  takes  place  when  cholesterine 

^  preaent  in  considerable  quantity.     In  pathological  speci- 

^TbittbUlirltxlatbe  reictioiK  of  cbolesterine  and  teroliDe  with  aulpliu- 
^idd  li  meotioiied  by  Bdrard  (Onirj  d4  phMiolooU^  Parb,  18C1,  tome  UL., 
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mens,  the  crystals  are  generally  few  in  numter  and  isolated. 
The  plates  of  cliolesterine  are  frequently  marked  by  a  cleav* 
age  at  one  comer,  the  lines  running  parallel  to  the  borders ; 
and  frequently  they  are  broken,  and  the  line  of  fracture  13 
generally  undulating.  Lehmann  attaches  a  great  deal  of 
iinportanoe  to  measurements  of  the  angles  of  the  rhomboid. 
According  to  this  author,  the  obtuse  angles  are  100^  30',  and 
the  acute  79^  30'/  We  have  examined  a  great  number  of 
speciraens  of  cholesterine,  extracted  from  the  blood,  bile, 
brain,  liver,  and  occurring  in  tumors,  and  have  not  observed 
that  the  crystals  have  definite  angles.  Frequently  the 
plates  are  rectangular,  and  sometimes  almost  lozenge-shaped. 
It  is  by  the  transparency  of  the  plates,  the  parallelism  of 
their  borders,  and  their  tendency  to  break  in  parallel  lines, 
that  we  recognize  cholesterine.  Lehmann  seems  to  consider 
the  tablets  of  tliis  substance  as  regular  crystals  having  in- 
variable angles.  From  examination  during  crystallization, 
it  seems  more  probable  that  they  are  not  crystals,  but  frag- 
ments of  micaceous  sheets,  which,  from  their  extreme  tenuity, 
are  easily  broken.  In  examining  a  specimen  from  the  me- 
conium, which  was  simply  extracted  with  hot  alcohol,  it  was 
easy  to  observe  a  transparent  film  forming  on  the  surface  of 
the  alcohol  soon  after  it  cooled,  and  this,  on  microscopic 
examination,  in  miu^  disturbing  the  fluid  as  little  as  possible, 
was  found  to  be  marked  by  long  parallel  lines.  When  the 
fluid  had  partially  evaporated,  the  crust  became  broken  and 
the  fragments  took  the  form  of  the  ordinary  crystals  of  cho* 
lesterine,  but  they  were  larger  and  more  regular.  The  tab- 
lets were  exceedingly  thin,  and  regularly  divided  into  deli- 
cate plates,  with  tlie  characteristic  corner-cleavages  of  the 
cholesterine ;  and  as  the  focus  of  the  instrument  was  changed, 
new  layers  were  brought  into  view. 

Crystals  of  cholesterine  melt  at  203**  Fahr.,  but  are  formed 
again  when  the  temperature  falls  below  that  point.  Accord- 
ing to  Lehmann,  they  may  be  distilled  in  vacuo  at  680% 

*  LoiiiAivti,  Fh^ffiolo^ieol  Chemithy,  Philadelphia,  1S66,  toL  L,  p.  244* 
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DOTit  decomposition.  The  determination  of  the  fusing 
point  IB  one  of  the  means  of  distinguishing  it  from  seroline,* 
-i^-hich  fuses  at  90**  8', 

Without  considering  in  detail  the  processes  which  have 

beeo  employed  by  other  observers  for  the  extraction  of  cho- 

lesterine  from  the  blood,  bile,  and  various  tissues  of  the  body, 

Wediall  simply  describe  the  method  which  has  been  found 

most  convenient  in  the  various  analyses  we  have  made  for 

thifl  substance.    In  analyses  of  gall-stones,  the  process  is  very 

iimple;    all  that  is  necessary  being  to  pulverise  the  mass, 

extract  it  with  boiling  alcohol,  and  filter  tlie  solution  while 

hot,  the  cholesterine  being  deposited  on  cooling.    If  tlie  crjs- 

Ills  be  colored,  they  may  be  redissolved,  and  filtered  through 

tuxiinal  charcoal.    This  is  the  process  employed  by  Poulletier 

de  la  Salle,  Fourcroy,  and  ChevreuL     It  is  only  when  this 

euktance  is  mixed  with  fatty  matters,  that  its  isolation  is  a 

matter  of  any  difficulty.     In  extracting   eholesterine  from 

the  blood,  we  have  operated  on  both  the  serum  and  clot,  and 

b  this  way  have  been  able  to  demonstrate  it  in  greater  quan* 

titles  in  this  fluid  than  have  been  observed  by  others,  who 

liiive  employed  only  the  serum.     The  following  is  the  pr<> 

^^  for  quantitative  analysis,  which  was  determined  upon 

lifter  a  number  of  experiments ; 

The  blood,  bile,  or  brain,  as  the  case  may  be,  is  first  care- 
My  weighed,  then  evaporated  to  dryness  over  a  water-bath, 
and  pulverized  in  an  agate  mortar.     The  powder  is  then 
treated  with  ether,  in  the  proportion  of  about  a  fluidounce 
for  every  hundred  grains  of  the  original  weight,  for  from 
twelve  to  twenty-four  hours,  agitating  the  mixture  occasion- 
ally.   The  ether  is  then  separated  by  filtration,  tlirow^ing  a 
little  fresh  ether  on  the  filter  so  as  to  wash  through  every 
trace  of  the  fat,  and  the  solution  set  aside  to  evaporate.     If 
the  fluid,  especially  the  blood,  have  been  carefully  dried  and 
pulverized,  when  the  ether  is  added,  it  divides  it  into  a  very 
fine  powder  and  penetrates  every  part.    After  the  ether  has 
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evaporated,  the  residue  is  extracted  with  boiling  alcohol,  in 
the  proportion  of  about  a  fluidraehm  for  every  hundred 
grains  of  the  original  weight  of  the  specdraen,  filtered  while 
hot  into  a  watch-glass,  and  allowed  to  evaporate  spontane- 
ously. To  keep  the  fluid  hot  while  filtering,  the  whole  appa- 
ratus may  be  placed  in  the  chamber  of  a  large  water-bath, 
or,  as  the  filtration  is  generally  rapid,  the  funnel  may  be 
warmed  by  plunging  it  into  hot  water,  or  Btearaing  it,  taking 
care  that  it  be  carefully  wiped.  We  now  have  the  choleste-  ] 
rine  mixed  with  a  certain  quantity  of  saponifiahle  fat.  After 
the  fluid  has  evai>omted,  we  can  see  the  diolesterine  ciystal- 
lized  in  the  watch-glass,  mingled  with  masses  of  fat.  This 
we  remove  by  saponification  with  an  alkali ;  and  for  this 
purpose,  we  add  a  moderately  strong  solution  of  caustic  pot- 
ash, which  we  allow  to  remain  in  contact  with  the  residue 
for  from  one  to  two  hours.  If  much  fat  be  present,  it  is  best  i 
to  heat  the  mixtui^  to  a  temperature  a  little  below  the  boil- 
ing point;  but  in  analyse  of  the  blood  tliis  is  not  necessary. 
The  mixture  is  then  to  be  largely  diluted  with  distilled  water, 
thrown  upon  a  small  filter,  and  thoroughly  washed  till  the 
fluid  which  passes  through  is  neutral.  We  then  dry  the 
filter,  and  fill  it  up  with  ether,  which,  in  passing  through^ 
dissolves  out  the  diolesterine.  The  ether  is  then  evaporated, 
the  residue  extracted  with  boiling  alcohol,  as  before,  tha 
alcohol  collected  on  a  watch^lass  previously  weighed,  and 
allowed  to  evaporate,  Tlie  residue  consists  of  pure  choleste- 
line,  the  quantity  of  which  may  be  estimated  by  weight. 

The  accuracy  of  this  process  may  be  tested  by  means  of 
the  microscope ;  for  the  crystals  have  so  distinctive  a  form^ 
that  it  is  easy  to  determine,  by  examining  the  wateh-glaas^ 
whetlier  the  cholesterine  be  perfectly  pure.  In  making  this 
analysis  quantitatively,  it  is  necessary  to  be  very  careful  in 
all  the  manipulations ;  and  for  determining  the  weight  of 
Buch  minute  quantities,  an  accurate  and  delicate  balance^ 
one,  at  least,  that  will  turn  with  the  thousandth  of  a  gramme, 
carefully  adjusted,  must  he  employed.     With  these  precau- 
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ins,  the  quantity  of  chole&terine  ia  any  fluid  or  solid  may 
\  determined  with  perfect  accuracy ;  and  the  estimate  may 
made  in  so  gmall  a  quantity  m  from  fifteen  to  twenty 
grains  of  blood.  In  analyzing  the  brain  and  bile,  we  found 
it  necesfiary  to  pass  the  first  ethereal  solution  through  animal 
eliarcoal,  to  get  rid  of  the  coloring  matter*  In  doing  this, 
tie  charcoal  must  be  washed  with  fresh  ether  till  the  solu- 
tian  which  passes  through  is  brought  up  to  the  original 
quantity.  The  other  manipulations  are  the  same  as  in  ex- 
anunations  of  the  blood.  In  examining  the  meconium^  we 
found  that  the  cholesterino  which  crystallized  from  the  first 
Alcoholic  extract  was  bo  pure  that  it  was  not  necessary  to 
^mbject  it  to  the  action  of  an  alkali, 

^B  The  proportion  of  cholesterine  in  the  bile  is  not  very 
Itrge*  In  the  table,  it  is  estimated  at  from  1*60  to  2*6^5 
J5«rt8  per  thousand.  In  a  single  examination  of  the  hu- 
man bile,  we  found  the  proportion  0'618  of  a  part  per 
thousand. 

The  origin  and  destination  of  this  principle  involv^e,  as 
"ve  believe^  an  office  of  the  liver  which  has  not  hitherto  been 
^[^ecognized  by  physiologists ;  and  we  shall  consider  these  ques- 
tions specially,  xmder  the  head  of  the  excretory  function  of 
tlie  Uver. 

^M  BUwerdine, 

The  coloring  matter  of  the  bile  bears  a  certain  resem- 
ice  to  the  coloring  matter  of  the  blood,  and  is  supposed 
l>e  formed  from  it  in  the  liver.  It  gives  to  the  l>ile  its 
icuHar  tint,  imd  has,  as  we  have  remarked,  the  property  of 
►loring  the  tissues  with  which  it  comes  in  contact,  When- 
er  the  flow  of  bile  is  seriously  obstructed,  the  coloring 
atter  is  absorbed  by  the  blood,  and  can  be  readily  detected 

in  the  gernra,  in  the  urine,  and  in  the  color  of  the  skin  and 
'^jiinctiva.  In  the  bile  it  is  liquid,  but  it  may  be  coagu- 
ted  and  extracted  by  various  processes.     It  does  not  exist 

^turaUy  in  the  form  of  pigmentary  granulations. 
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This  principle  is  precipitated  from  the  bile  by  boiling 
with  luilk  of  lime.  The  filtered  residue  is  then  decoDiposed 
with  hydrochloric  acid,  which  unites  with  the  hme  and 
leaves  a  fatty  residue  of  an  iBtense-green  color.  The  fat  is 
then  removed  hy  repeated  washings  with  ether  (a  very  long 
and  difficult  process).  The  precipitate  is  then  rediesolved 
in  alcohol  with  ether  added,  which  gives  to  the  liquid  a 
blniah-green  color,  and  leaves,  after  evaporation,  a  dark- 
green  powder.  This  powder  contains  iron,  but  its  pro- 
portion has  never  been  accurately  esthnated.  The  mat- 
ter thu8  obtained  is  insoluble  in  water  and  in  chloroform, 
but  is  soluble  in  ether^  alcohol,  sulphuric  and  hydrochloric 
acid/ 

It  is  unnecessary  to  follow  out  in  detail  all  of  the  chemi- 
cal investigations  which  have  been  made  into  the  ultimate 
composition  and  the  modifications  of  this  and  the  other  col- 
oring matters.  According  to  Robin,"  the  empirical  formula 
for  biliverdine,  deduced  from  the  analyses  of  Scherer,  is 
C„II,,NO^ .  Ko  account  is  taken  in  these  analyses  of  the 
iron,  the  existence  of  which  cannot  be  doubted* 

Upon  the  addition  of  nitric  acid,  or  better,  of  nitric  mixed 
with  nitrous  acid,  biliverdine  is  acted  upon  in  a  peculiar  way, 
producing  a  play  of  colors,  which  is  recognized  as  one  of  the 
tests  for  bile* 

Teat^  for  Bile, 

It  is  frequently  desired,  particularly  in  pathological  in- 
vestigations, to  ascertain,  by  some  easy  test,  the  fact  of  the 
presence  or  absence  of  bile  in  various  of  the  fluitls  and  solids 
of  the  body.  It  is,  indeed,  a  most  interesting  physiological 
question  to  determine  the  course  and  destination  of  the 
biliary  salts  after  the  bile  has  passed  into  the  inteetinal 
canal ;  and  this  can  be  done  only  by  the  application  of  ap- 
propriate tests  to  the  contents  of  tJie  alimentary  tract  and 

1  KoBiN  rr  TsRDKiL^  TraUi  de  chimie  anatami^ue^  Pftria,  1898,  tome  HL^  p.  889. 
•  Ro»i?t,  ZefOf%»  iur  le»  Awmtwn,  Paris,  1867,  p.  6  DO, 
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J  blood  of  the  portd  Bystem.  The  ingredients  of  the  bile 
which  it  is  important  to  detect  are  biliverdine,  the  biliary 
wlte^  and  cholesteriDe,  The  last-named  snLstance  cao  be 
detected  best  by  applying  the  metliod  whicli  we  have  just 
dcflcribed  for  its  extraction ;  bnt  several  tests  havB  been  pro- 
poaed  for  the  detection,  on  the  one  hand,  of  the  coloring 
matter  of  the  bile,  and  on  tbe  other,  of  the  peciihar  biliary 
^    udts. 

^^LlV^  for  BUiverdifie, — There  is  one  test  so  simple  and 
^^Btf  applicMion,  that  it  alone  will  euflice  for  the  prompt 
^Tefoction  of  biliverdme.  This  is  peculiai*ly  applicable  to 
ie  arine,  where  the  presence  or  absence  of  bile  frequently 
omes  an  important  question* 

We  are  led  generally  to  suspect  the  presence  of  bile  in 

I  fluids  of  the  body  by  the  peculiar  color.     If  we  spread 

jit  the  suspected  fluid  in  a  thin  stratum  upon  a  white  sur- 

\  a  porcelain  plate,  and  add  a  single  di*op  of  nitric  acid, 

hat  IS  better,  nitroso-nitric  acid,  if  the  coloring  matter 

'  bile  be  present,  a  peculiar  play  of  colors  will  be  observed 

*ttbe  circumfereuce  of  the  drop  of  acid  as  it  diffuses  itself. 

Tlie  color  will  rapidly  eljange    from  blue  to  red,  orange^ 

pirple,  and  finally  yellow.     This  is  due  to  the  action  of  the 

ll     sddnpon  the  biliverdine;  and  this  test  w^ill  not  indicate  the 

^Jfesence  of  either  cholesteriue  or  the  biliary  salts.     It  is 

^fied^  therefore,  only  when  we  wish  to  determine  the  presence 

rftbe  coloring  matter  of  the  bile. 

Ttst  for  the  Biliary  Sfili^,—Th^  best,  and,  indeed,  the 

•^nlyTehable  test  for  the  biliary  salts,  was  proposed  many 

its  ago  by  Pettenkofer/  and  is  now  generally  known  as 

'ettenkofer's  test.     This  requires  some  care  and  practice  in 

apphcation,  but  it  is  entirely  reliable ;  aud  although  it 

objected  tliat  there  are  other  substances  than  the 

[fncoFER,  Notix  iiher  rtW  neu<?  Meaetion  auf  OaUe  und  Zmekeir* — An^ 
^^^Chgmie  undPharmacUf  Heidelberg,  1844,  Bd.  UL,  S.  &0. 


276 


EXCSEnOlf* 


biliary  Baits  wliicli  produce  similar  reactions,  these  are  not 
met  with  in  the  animal  fluids,  and  consequently  are  not 
liable  to  produce  confusion.  If  a  considerable  quantity  of 
bile  be  present  in  any  fluid,  and  if  there  be  not  a  large  ad- 
mixture o^  animal  matters,  the  test  may  be  employed  with- 
out any  preparatiau ;  but  in  delicate  examinations,  it  is 
best  to  evaporate  the  Buspected  liquid,  extract  the  residue 
with  absolute  alcohol,  precipitate  with  ether,  and  dissolve 
the  ether-pi^ecipitate  in  distilled  water.  By  this  means  a 
clear  solution  is  obtained,  which  will  react  distinctly,  even 
when  the  biliary  salts  exist  in  very  small  quantity.  Petten- 
kofer'a  test  is  applicable  to  any  of  the  bihary  salts,  whatever 
be  tlieir  form,  and  the  reaction  is  dependent  upon  the  pres- 
ence of  cholic  acid,  which  enters  into  the  composition  of  all 
the  varieties  of  the  biliary  acids. 

The  Mlowing  is  one  of  the  most  common  methods  of 
employing  Pettenkofer's  test:  To  the  suspected  solution  we 
add  a  few  drops  of  a  strong  solution  of  cane-sugar  in  water. 
Sulphuric  acid  is  then  slowly  added,  to  the  extent  of  about 
two-tliirds  of  the  bulk  of  the  liquid.  It  is  recommended  to 
add  tlie  acid  slowly,  so  that  the  temperature  shall  be  but 
little  raised.  If  a  large  quantity  of  the  biliary  salts  be 
present,  a  red  color  shows  itself  almost  immediately  at  the 
bottom  of  the  test-tube,  and  soon  extends  through  the  en- 
tire liquid,  rapidly  deepening  imtil  it  becomes  of  a  dark-lake 
or  purple.  If  the  biliary  matters  exist  in  very  small  pro- 
portion, it  may  be  several  minutes  before  any  red  color 
makes  its  appearance,  and  the  change  to  a  purple  is  corre- 
spondingly slow,  the  whole  process  occupying  fi*om  fifteen  to 
twenty  minutes.  Many  organic  matters  may  be  rendered 
dark  by  the  action  of  the  acid,  and  the  sugar  itself  will  be«^ 
lusted  upon,  even  if  no  bile  be  present,  but  the  color  due  ta 
the  sugar  alone  is  yellow.  The  peculiar  play  of  colors  aboTe 
described  can  easily  be  recognized  after  a  little  practice,  and 
is  observed  only  in  the  presence  of  the  biliary  salts. 

The  ordinary  modifications  in  tlie  application  of  this  te^l 
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^r«  unimportant.  Some  recomnjend  to  add  the  sulphuric 
*cid  first,  and  then  to  add  the  solution  of  sugar ;  and  som©^ 
«fter  adding  to  the  liquid  two-thirds  of  its  volume  of  buI- 
phuric  acid,  drop  into  the  mLxture  one  or  two  lumps  of  cane- 
sugar.  The  reaction  with  the  biliary  salts  is  essentially  the 
eamej  whichever  of  tliese  methods  be  employed. 

Excretory  Fwjhction  of  the  Li/i)€r, 

In  1862,  in  studying  the  properties  and  physiological  re- 
lations of  cholesterine,  we  gave  the  first  definite  account  of 
aa  excretory  function  of  the  liver.  The  experiments  and 
aWrations  upon  which  we  based  our  conchisions  were 
extended  and  laborious,  and,  as  far  as  we  know,  have  not 
been  repeated  in  detail  by  other  observers ;  but  the  results 
rxmi  be  taken  aa  positive,  if  the  accuracy  of  the  experiments 
be  admitted,  and  they  have  been  adopted,  to  a  greater  or  less 
extent,  by  scientific  autluirities.  The  details  of  these  ex- 
p^iiinenta  are  too  elaborate  to  be  given  in  full,  as  contained 
in  the  original  memoir/ 

The  few  statements  with  regard  to  the  function  of  choles- 
terine  to  be  found  in  works  published  before  lSfj2  are  veiy 
^definite.  In  most  works  on  physiology,  this  substiince  is 
hardly  mentioned,  it  being  generally  regarded  as  a  curious 
principle,  interesting  only  to  the  physiological  chemist.  We 
We  given,  in  the  memuir  referred  to,  extracts  from  the 
^orks  of  Carpenter,  Lelmiann,  MiaDie,  and  Dalton,  which 
Contain  all  that  is  said  of  the  probable  function  of  choles- 
terine ;  and  these  quotations,  which  embody  about  all  that 
^e  could  find  on  the  subject,  show  that  its  office  was  not  in 
the  least  understood.  Inasmuch  as  cholesterine  is  the  only 
excrementitious  principle  as  yet  discovered  in  the  bile,  bear- 
•^g  the  same  relation  to  this  fluid  that  ui"ea  does  to  the  urine, 

*  Ffccft^  Jr.^  Euperimmiid  Retmreket  inio  q  Hew  Excretory  I\mi!(ion  of  ih» 
^f^^^^Amerimn  Journal  of  the  Medical  Sciencea^  PbLladolphia,  1862,  New  So- 
™i  ^L  ilir.,  p,  305,  ei  teq. ;  and  Eecfterche*  fxpfrimetUaie^  sitr  urn  nomdle 
^^*^^du  fme^  Pirit,  1868.  (See  note  on  page  294.) 
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it  is  evident  that  the  ideas  of  physiologists,  with 
any  excretory  fbnction  of  the  liver,  must  have  been 
indefinite  hefore  the  relatione  of  choleeterine  had  bee; 
teraiined. 

The  first  question  which  arises  is  whether  the  liver  Ju 
any  excretory  function.  Some  authoi^,  notably  Blondld 
have  asi^iimod  that  the  bile  is  purely  excrementitious  aod 
has  no  function  as  a  secretion*  This  question  we  have  fitll/ 
discussed  in  another  place,*  The  confusion  that  has  ftriBcn 
with  regard  to  this  point  has  been  due  to  the  fact  that  thi 
who  adopted  the  view  that  the  bile  was  simply  an  exc] 
denied  to  it  any  digestive  properties ;  wliile,  on  the  ofl 
hand,  those  who  believed  it  to  be  concerned  in  digestw 
would  not  admit  that  it  was  an  excretion.  We  have  slio' 
conclusively,  in  treating  of  intestinal  digestion,  that  the 
is  so  important  in  this  process  as  to  be  essential  to  life; 
we  liave  shown,  at  the  same  time,  that  the  liver  elimini 
trom  the  blood  one  of  the  most  important  of  the  pro^lucta  & 
disassimilation.  It  will  be  found  important,  as  bearing  upol 
the  probable  function  of  tlie  bile,  to  apply  to  this  fluid  tbd 
general  considerations  contained  in  our  first  chapter,  ou 
distinctions  between  secretions  and  excretions. 

Cells  of  glandular  epithelium  are  constantly  man^ 
turing,  out  of  materials  funii&lied  by  the  blood,  the  elemeiki 
of  the  true  secretions ;  hut  these  elements  do  not  preeadi 
in  the  blood,  they  appear  de  novo  in  the  secreting  orgiu 
and  never  accumulate  in  the  system  when  the  function  of  j 
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secreting  organ  is  disturbed.  Again,  the  true  secretions 
not  discharged  from  the  body,  but  have  a  function  to  perfon 
in  the  economy,  and  are  poured  out  by  the  glands  interfl 
tently,  at  the  times  when  this  fuuction  is  called  into  actioi 
As  far  as  the  biliary  salts  (tlie  taurocholate  and  glycochol 
of  soda)  are  concerned,  the  bile  corresponds  entirely  to 
true  secretions.  These  principles  are  manufactured  by 
liver,  they  do  not  preexist  in  the  blood,  and  they  do  not 

*  See  ToL  iS.,  Digestion,  p.  862,  d  wg. 
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Cumulate  in  the  blood  when  their  formation  in  the  liver  is 

disturl»e<i  The  researches  of  Bidder  and  Schiiiidt'aiid  others 
^ave  shown  that  although  we  cannot  detect  the  hiliim^  t^alta 
in  the  blood  or  chyle  coming  from  t!ie  intestine,  these  pnnci- 
ples  are  not  discharged  in  the  fieces.*  All  of  these  facte  point 
to  an  important  function  of  the  biie  as  a  secretion.  It  is  true 
that  it  is  discharged  constantly,  hut  during  digestion  its  flow 
is  very  much  more  abundant  than  at  any  other  time*  It  is 
pretty  well  established  that  during  the  intervals  of  the  flow 

»  of  the  secretions,  the  glands  are  manufacturing  the  materials 
of  secretion,  which  are  washed  out,  as  it  were,  in  the  great 
afflux  of  blood  which  takes  place  during  ivhat  has  been 
eaBed  the  functional  activity  of  the  gland.  Xow  if  the  liver, 
ia  addition  to  its  function  as  a  secreting  oi^an,  be  constantly 
forming  bile  for  the  purpose  of  eliiiiiriating  an  excremeu- 
^itious  matter,  it  is  to  be  expected  that  the  biie  would  alwaya 

I  fsoutain  a  certain  proportion  of  its  elements  of  secretion. 
The  constant  and  invariable  presence  of  cholesterine  in 
^e  bile  assimilates  it  in  every  regard  to  the  excretions,  of 
"^hich  the  urine  may  be  taken  as  the  type,  Chole&terine 
always  exists  in  the  blood  and  in  certain  of  the  tissues  of 
the  body.  It  is  not  produced  in  the  substance  of  the  livery 
lot  ia  merely  separated  from  the  blood  by  this  organ.  It 
^  constantly  passed  into  the  intestine,  and  is  discharged, 
although  in  a  modified  form,  in  the  fEeces.  We  know  of  no 
fcnction  which  it  has  to  perform  in  the  economy,  any  more 
tiian  nrea,  or  any  other  of  the  excrementitious  principles 
of  the  urine ;  and  we  have  shown,  in  the  memoir  already 
ftfened  to,  that  it  accumidates  in  the  blo<jd  in  certain  cases 
^organic  disease  of  the  liver  and  gives  rise  to  certain  symp- 
tomg  of  blood-poisoning. 

Origin  of  CJiolestenne, — Cholesterine  exists  in  lai^est 
9^a2Jtity  in  the  substance  of  the  brain  and  nerves.  It  ia 
*^  found  in  the  substance  of  the  liver — probably  in  the 

*  See  ToL  ii.,  Digestion,  p.  874. 
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it  is  evidJent  tbat  tlie  ideas  of  plij^siologists^  with  regard  to 
anj  excretory  function  of  tlie  liver,  must  have  been  very 
indefinite  Lefore  the  relatioTis  of  chole&terine  had  been  de- 
teiinined. 

The  first  question  whieh  arises  is  whether  the  liver  has 
any  excretory  function.  Some  authors,  notably  Bloodlot, 
have  a&sunied  that  the  bile  is  purely  excrementitious  and 
has  no  function  as  a  secretion.  This  question  we  have  ftilly 
diseusBod  in  nuother  place/  The  confusion  that  has  arisen 
with  regard  to  this  point  has  been  due  to  the  fact  that  those 
who  adopted  the  view  that  the  bile  was  simply  an  excretion 
denied  to  it  any  digestive  properties;  while,  on  the  other 
hand,  those  who  believed  it  to  be  concerned  in  digestion 
would  not  aduiit  that  it  was  an  excretion.  We  have  shown 
conclusively,  in  treating  of  intestinal  digestion,  that  the  bile 
is  so  important  in  this  process  as  to  be  essential  to  life;  but 
we  have  shown,  at  the  same  time,  that  the  liver  eliminates 
from  the  blood  one  of  the  most  important  of  the  products  of 
disasfiimilsUion,  It  will  be  found  important^  as  bearing  njvon 
the  probable  function  of  the  bile,  to  apply  to  this  fluid  the 
general  consiiderations  contained  in  our  first  chapter,  on  the 
distinctions  between  secretions  and  excretions* 

Cells  of  glandular  epithelium  are  couBtantly  manufac- 
turing, out  of  materials  furnished  by  the  blood,  the  elements 
of  the  true  secretions ;  but  these  elements  do  not  preexist 
in  the  blood,  they  appear  de  nm^o  in  the  secreting  organ, 
and  never  accumulate  in  the  system  when  the  function  of  the 
secreting  organ  is  disturbed.  Again,  the  true  pecretiona  are 
not  discharged  from  the  body,  but  have  a  function  to  perform 
in  the  economy,  and  are  poured  out  by  the  glands  intermit- 
tently, at  the  times  when  this  function  is  called  into  action. 
As  far  as  the  biliary  salts  (the  taurocholate  and  glycocholate 
of  soda)  are  concerned,  the  bile  corresponds  entirely  to  the 
true  secretions,  These  principles  are  manufactured  by  tlie 
liver,  they  do  not  preexist  in  t!ie  blood,  and  they  do  not  ac* 

1  gee  Tol  il,  Digestion,  p.  862,  H  «f . 
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ciimalate  in  the  blood  when  their  fonnation  in  the  liver  is 
disturbed.  The  researches  of  Bidder  and  Schmidt'and  others 
have  shown  that  althoogli  we  cannot  detect  the  biliary  salts 
in  the  blood  or  chyle  coming  from  the  inte^stine,  these  princi- 
ples are  not  discharged  in  the  ftecas/  All  of  these  factg  point 
to  an  important  function  of  the  bile  as  a  secretion.  It  is  true 
that  it  is  discharged  constant!  j,  bnt  during  digestion  its  flow 
is  very  much  more  abundant  than  at  any  other  time*  It  is 
pretty  well  establisJied  tliat  during  the  intervals  of  the  flow 
of  the  secretions,  the  glands  are  manufacturing  the  materials 
of  secretion^  which  are  washed  out,  as  it  were,  in  the  great 
afflux  of  blood  which  takes  place  during  what  lias  Ijeen 
called  the  functional  activity  of  the  gland.  Now  if  the  liver, 
in  addition  to  its  function  as  a  secreting  organ,  be  constantly 
forming  bile  for  the  purpose  of  eliminating  an  exeremen- 
titioQS  matter,  it  is  to  be  expected  that  the  bile  would  always 
contain  a  certain  proportioji  of  its  elements  of  secretion. 

The  constant  and  invariable  presence  of  cholesterine  in 
the  bile  assimilates  it  in  every  regard  to  the  excretions,  of 
which  the  urine  may  be  taken  as  the  type.  Cholesterine 
always  exists  in  the  blood  and  in  certain  of  the  tissues  of 
the  body.  It  is  not  produced  in  the  substance  of  the  liver, 
bat  is  merely  separated  from  the  blood  by  this  organ.  It 
is  constantly  passed  into  the  intestine,  and  is  discharged, 
although  in  a  modified  form,  in  the  fseees.  We  know  of  no 
function  which  it  has  to  perform  in  the  economy,  any  more 
than  urea,  or  any  other  of  the  excrementitious  principles 
of  the  urine ;  and  we  have  slu^wn,  in  the  memoir  already 
referred  to,  that  it  accumulates  in  the  blood  in  certain  cases 
of  organic  disease  of  the  liver  and  gives  rise  to  certain  symp- 
toms  of  blood-jx^isoning. 

Ort/jin  of  CJioU^ternne, — Cholesterine  exists  in  largest 
qnantity  in  the  substance  of  the  brain  and  nerves.  It  is 
also  found  in  the  substance  of  the  liver — prubably  in  the 


See  vol.  iL,  Digestioti,  p.  374. 
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bile  contained  in  tliia  organ — tJie  crystalline  lens,  and  the 
gpleen ; '  but  with  these  exceptions,  it  is  found  only  in  the 
nervous  Bysteni  and  blood.     Two  views  present  themselveij 
with  regard  to  ita  origin.     It  is  either  deposited  in  the  nep 
V0U8  matter  from  the  bloodj  or  is  formed  in  the  brain  and 
taken  up  by  the  blood.     This  is  a  question,  however,  which 
can  be  settled  experimentally,  by  analyzing  the  blood  for 
cholesterine  as  it  goes  to  to  the  brain  by  the  carotid,  and  as 
it  comes  from  the  brjiin  by  the  internal  jugular.     The  cho- 
lesterine l>eiug  found  also  in  the  nerves,  and^  of  course,  fti 
large  quantity  of  nervous  matter  existing  in  the  extremities, 
it  18  desirable  at  the  same  time  to  make  an  analysis  of  the 
venous  blood  from  the  general  system. 

With  a  view  of  determining  this  question,  we  made  the 
following  experiments: 

KtpeHment  I. — In  this  experiment^  specimens  of  blood 
were  taken  from  the  carotid,  the  internal  jugular,  the  vena 
cava,  hepatic  veins,  hepatic  artery,  and  portid  vein,  in  a  liv- 
ing animal  (a  dog  about  six  months  old).  In  addition,  we 
took  a  specimen  of  bile  from  the  gall-bladder,  and  some  of 
the  substance  of  the  brain.  These  were  all  carefully  ex- 
amined for  cholesterine,  and  the  following  were  the  main 
results :  In  the  brain  cholesterine  was  found  in  large  quan- 
tity. There  was  no  cholesterine  in  the  extract  of  the  bloodj 
from  the  carotid,  examined  three  days  after,  and  but  a  few^ 
crystals,  eleven  days  after.  Cholesterine  was  almost  imme- 
diately discovered  in  the  extract  of  the  blood  from  the  in- 
ternal jugular,  and  the  crystals  were  pre^sent  in  large  num- 
bers on  the  tweiftli  day.  In  this  experiment  the  animal  was 
etherized  when  the  blood  was  taken,  and  the  examinations 

^  III  1854^  Marcet  described  a  eubalanee  eiitrtioted  from  the  spleen^  whickj 
be  thought  wna  analogous  to  cholesterine  {An  aeefmni  nf  the  Organic  CI 
OonMtihtenftj  or  Jmmedieite  Principl€$  of  the  SxtremenU  of  Man  imd  Anii 
in  the  HmUh^  8taie. — Philoaophifal  Tranm^ionit^  London,  1854,  p,  269);  and  in 
1657, 1i6  fviXky  recognized  its  eiistenec  La  thk  org]m{  Oh  Ou  luifntvtia/e  Prin- 
cipUsa  of  the  Cerements  of  Man  and  AnimaU  in  the  Mmlthy  StaU. — Fhiloto/ihM 
Tramrtdiom^  LoDdon»  1867,  p.  412). 
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'oi' ciolesterine  were  not  quantitative.  In  the  succeeding 
^X^riment^,  the  proportion  of  eholesterine  in  the  different 
ftl>ecimexis  of  blood  was  accurately  estimated,  and,  in  mo&t 
of  them,  no  ansBsthetic  was  used  during  the  operative  pro- 
cedure. 

£3tperifneni  U, — A  medium-sized  adult  dog  was  put  un- 
der the  influence  of  ether,  and  the  carotid  arter}%  internal 
jugular,  and  femoral  vein  exposed.  Specimens  of  blo^od 
^^ere  drawn,  firat  from  the  internal  jugular,  next  from  the 
carotid,  and  last  from  the  femoral  vein.  These  specimens 
iwrere  received  into  carefullv-weighed  vessels,  and  weighed. 

They  were  then  analyzed  for  eholesterine  by  the  process 
already  descril»e<I,  and  the  following  results  obtained  : 

QoAQtity  of  Btuod.       CbGleetertne.       Choleflteiine  per 
iyrain*.  graim,  *     1,000  pi#. 

Carotid..... m46%  0189  0774 

Ifiternftl  jugukf. IH'180  0-108  0-801 

Femorftlrein 183-886  0108  0  80fi 

of  increase  in  the  blood  from  tbe  jugalar  oTer  the  arterial 

..• * 3-488 

icnUge  of  locreafte  in  the  blood  from  the  femoral  reitL. 4*184 

This  experiment  shows  an  increase  in  the  quantity  of 
eholesterine  in  the  blood  in  its  passage  through  the  brain, 
and  an  increase,  even  a  Httle  greater,  in  the  blood  passing 
through  the  vessels  of  the  i>osterior  extremity.  To  facilitate 
the  operation,  however,  the  animal  was  brought  completely 
tmder  the  influence  of  ether,  which,  from  its  action  on  the 
brain,  would  not  improbably  produce  some  temporary  dis- 
turbance in  the  nutrition  of  that  organ,  and  consequently 
interfere  with  the  experiment.  For  the  purpose  of  avoiding 
thifi  difficulty,  we  performed  the  following  experiments  with- 
out administering  an  anaesthetic : 

Eaeperiment  III. — A  small  young  dog  was  secured  to  the 
operating-table,  and  the  internal  jugular  and  carotid  ex- 
po«ed  on  the  right  side.  Blood  was  taken,  first  from  the 
jiigular,  and  afterward  from  the  carotid.     The  femoral  vein 


on  the  same  side  was  then  exposed,  and  a  specimen  of  blood 
was  taken  from  that  vesseL     The  animal  was  very  quiet 
under  the  operation,  though  no  aniesthetic  was  uaed,  so  that 
the  blood  was  drawn  without  any  difficulty  and  without  the     i 
sliglitest  admixture,  H 

The  three  gpecimens  were  analyzed  for  cholesterine,  with 
the  following  results : 

Qnuitily  of  Blood.       Cbolettarifle.       ChoIeflteriQc  p«r 
frrtUm.  frraliw.  1,000  pts. 

OtfO^d U3*«25  Oft70  0-967 

Inteniftl  ji^goUr,......*,     29*956  0*046  1'54& 

F^tDOnU  Tdii. . . ...     45^35  0046  1*028 

Peroenttfo  oC  ineraue  in  the  blood  trum  the  juguUr  oter  the  ftrterkl 

blood.... *.. 5»*771 

FnocBliige  of  increase  in  the  blood  from  the  femoral  vein 6-308 

Estperimeni  IV. — A  large  and  powerl'iil  dog  was  secured 
to  the  operating-table,  and  the  carotid  and  internal  jugidar  j 
ezpoeed.    Specimens  of  blood  were  taken  from  these  vesselS|[ 
first  from  the  jugular,  and  were  carefully  weighed  and  anap ' 
fyxed  for  choleeterine  in  the  usual  way.     The  following  re- 
sulta  were  obtained : 

Blood.  Choletterlne.       Cbote»leriDe  ^r 

grainM,  praliit.  1,000  pta. 

0»r<»tld *,,..    140847  oaO«  076$ 

Intoiml  juffulAT ,    97*811  0092  0-947 

FiroentAge  of  inereftfte  in  the  blood  p&Aaing  through  the  brain. .......  2$*807 

Experiment  III.  shows  a  very  considerable  increase  in  the 
quantity  i^f  cliolesterine  in  the  blood  passing  through  the 
brain,  while  the  increase  is  comparatively  slight  in  the  blood 
of  the  femoral  vein.  The  proportion  of  cholesterine  is  also 
large  in  tite  arterial  blood,  compared  with  other  observations, 

Exj^erimont  IV,  show^  but  a  slight  difference  in  the 
quantity  of  cliolesterine  in  the  arterial  blood  in  the  two  ani- 
maU;  the  proportion  in  the  animal  that  was  etherized  being 
(^TT*  per  1,000,  atid  in  the  animal  that  was  not  etherized 
0*T68  per  1,000,  the  difference  being  but  0*000;  but,  as  waa 
•tl»piQtedp  the  ctlier  seemed  to  have  an  influence  on  the  quan- 
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tity  of  cholesterine  absorbed  by  the   blood  in  its  passage 

til  rough  the  brain.     In  the  fir^t  instance  the  iiuTease  was 

bat  3'48S  per  cent.,  while  in  the  latter  it  was  23*307  per  cent* 

The  natural  conclusions  to  be  drawn  from  these  observa- 

tiong,  with  regard  to  the  origin  of  cholesterine  in  the  econ- 

mjj  are  the  following:  It  has  been  ascertained  that  the 

brain  and  nerves  contain  a  large  quantity  of  this  substance, 

^liifh  is  fonnd  in  hardly  any  other  of  the  tis^siies  of  the  body ; 

and  these  experiments,  especially  ExperitDents  III.  and  IV., 

low  that  tlie  blood  that  comes  from  the  brain  contains  a 

inch  larger  quaiitLty  of  cholesterine  than  the  blootl  Bupplied 

to  thi!^  organ. 

The  conclusion  is,  then,  that  cholesterine  is  produced  in 
brain,  and  ia  taken  up  by  the  blood  as  it  passes  through 
l-^Ovgan. 

Bat  the  brain  is  not  the  only  part,  wliere  cbolesterine  is 

produced*     It  will  be  seen  by  Experiment  II,  that  there  is 

^134  per  cent.,  and  in  Experiment  III.  6*30S  per  cent,  of 

increase  in  the  cholet^terine  in  the   passage  of  tlie  blood 

tlirongh  the  inferior  extremities,  and   probably  about  the 

^me  in  other  parts  of  the  muscular  system.     In  examining 

tissues  chemically,  we  find  that  the  muscles  contain  no 

iolesterine,  but  that  it  i^  abundant  in  the  nerves ;  and  as 

have  found  that  the  proportion  of  cholesterine  is  ira- 

itisely  increased  in  the  passage  of  the  blood  through  the 

it  (^ntre  of  the  nervous  system,  taken,  as  the  specimens 

ire,  from  the  internal  jugular,  which  collects  the  blood 

inly  from  the  brain  and  very  little  from  the  muscular  sys- 

it  is  rendered  very  probable  that,  in  the  general  venous 

^^Jjiteni,  the  cholesterine  which  the  blood  contains  is  produced 

^Q  the  6ul>stance  of  the  ner^^es. 

If  this  be  true,  and  if  cholesterine  be  one  of  the  prod- 

^<^t8  of  tlie  disassimilation  of  nervous  tissue^  its  formation 

''^ould  be  proportionate  in  activity  to  the  nutrition  of  the 

^^J^ves;  and  any  thing  which  interfered  to  any  great  extent 

^^tii  their  nutrition  would  diminish  the  quantity  of  choleste- 
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rine  produceci  In  the  production  of  urea  by  the  general 
system,  wliich  is  an  analogous  process,  nmscular  activity  in- 
creases the  qiiaiititj,  and  inaction  diminishes  it,  on  account 
of  the  effect  upon  nutrition.  In  cases  of  paralyfiis,  we  have 
a  diminution  of  the  nutritive  forces  in  the  parts  affected, 
especially  of  the  nervous  system,  which,  after  a  time^  be- 
comes so  disorgiinized  that  although  the  cause  of  the  paraly- 
sis be  removed,  the  nerves  cannot  resume  their  functions,  Ii 
is  true  we  have  this  disorganization  taking  place  to  a  certain 
extent  in  the  muscles,  but  it  is  by  no  means  as  marked  as 
it  is  in  the  nerves.  We  should  be  able,  then,  to  confirm  the 
observations  on  animals,  by  examining  the  blood  in  cases  of 
paralysis,  when  we  should  expect  to  find  a  very  marked  dif- 
ference in  the  quantity  of  cholesterine,  between  the  venous 
blood  coming  from  the  paralyzed  parts,  and  the  blood  from 
other  parts  of  the  body.  With  this  point  in  view  we  made 
analyses  of  the  blood  from  both  arms,  in  three  cases  of 
hemiplegia. 

Case  I. — Sarah  Rumsbyj  set.  47,  'was  affected  \^Tth  hemi- 
plegia of  the  left  side*  Two  years  ago  she  was  taken  w^th 
apoplexy,  and  was  insensible  for  three  days.  When  she  re^ 
covered  consciousness,  she  found  herself  paralyzed  on  the  left 
side.  She  said  she  bad  epilepsy  four  or  five  years  before  the 
attack  of  apoplexy.  Now  she  has  entire  paralysis  of  motion 
on  the  affected  side,  with  the  exception  of  some  slight  power 
over  the  lingers,  but  sensation  is  perfect.  The  speech  is  not 
affected.     The  general  health  is  good. 

Case  II.— Anna  Wilson,  aet.  23,  Irish,  was  affected  with 
hemiplegia  of  the  right  side.  Four  months  ago  she  was  taken 
with  apoplexy,  from  which  she  recovered  in  one  day,  wdth  loss 
of  motion  and  sensation  on  the  right  side.  She  is  now  im* 
proving  and  can  use  the  right  arm  slightly.  The  leg  is  not 
so  much  improved,  because  she  will  make  no  effort  to  use  it 

CdM  III. — Ilonora  Sullivan,  Irish,  set.  40,  was  affected 
with  hemiplegia  of  the  right  side.    About  six  months  ago  i 
she  was  taken  with  apoplexy,  and  recovered  consciousnesi  ^ 
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^c  next  day,  with  paralyais.  The  leg  was  less  affected  than 
Uie  arm,  fipom  the  first.  The  cause  was  supposed  by  Dr. 
f*liat,  the  attending  physician,  to  be  due  to  an  embolus. 
Her  condition  is  now  about  the  same,  as  r^ards  the  arm,  but 
the  leg  has  somewhat  improved. 

These  cases  all  occurred  at  the  BlackwelFs  Island  Hos- 
pital The  treatment  in  all  consisted  of  good  diet,  frictions, 
paasive  motion,  and  use  of  the  paralyzed  members  as  much 
as  possible, 

A  small  qnantity  of  blood  was  drawn  from  both  anns  in 
these  three  cases.  It  was  drawn  from  the  paralyzed  side,  in 
eacli  instance,  with  great  difficulty,  and  but  a  small  quantity 
ooxHi  be  obtained. 

The  specimens  were  all  examined  for  cholesterine,  with 
tie  following  results : 

3^aW^  of  Qnmhtity  of  Chol^^fterine  in  Blood  of  Paralyzed 
and  Sound  Sides j  in  three  oases  of  Semi^Ugia* 


Blood. 

ChnJet- 
tcrin©. 

CtioteBterliiep0rl,CKO. 

gra^. 

grfOm. 

1  «^    L  PanUyied  side. 

55-4B8 

The  watch-gljifiB  cont*med  0'08l 
of  a  grain  of  A  grranular  iub- 
Btance^  but  the  most  careful 
eiainination  failed  to  show  m 
iingle  crystal  of  cholesterine. 

Do.      Somsd  iide. 

128*40^ 

0-062 

0-481. 

<3i8«  a  FaiBlTied  aide. 

18881 

__ 

Same  as  Case  I. 

Da       Soimd  aide. 

ee-soe 

0-062 

0-808, 

C*«^ia  Pamlyied  tide. 

il*84« 

.. 

Same  aa  Case  I. 

Do.      Boand  side. 

02-261 

0*081 

0-BT9, 

The  reanlt  of  tliese  examinations  \%  yery  interesting :  not 

*  eingle  crjTBtal  of  cholesterine  was  found  in  any  of  the  three 

specimens  of  blood  from  the  paralyzed  sidcj  while  about  the 

^rmal  quantity  was  found  in  the  blood  from  the  sound  side. 

A^  tlie  nutrition  of  other  tissues  ia  interfered  with  in  paraly- 
se 
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sis,  it  IS  itnpossible  to  Bay  positively,  from  these  observations 
alone,  that  tlie  cliolesterine  is  produced  in  the  nervous  sys- 
tem only.  But  the  nutrition  of  the  nerves  is  nndoiibtedly 
most  affected;  and  these  observations,  taken  in  connection 
with  the  preceding  experiments  on  animals,  point  very 
strongly  to  such  a  conclnsion. 

Oiir  experiments  upon  animals  were  so  marked  and  h 
variable  in  their  results,  even  when  performed  under  differ- 
ent conditions,  that  they  can  leave  h<^rdly  any  doubt  of  the 
fact  that  the  blood,  in  passing  tbrongh  the  brain,  takes  uj 
cholesterine.  It  is  more  difficult  to  show,  by  actual  demoi 
fitration,  that  the  general  system  of  nerves  also  gives  up 
cholesterine  to  the  blood ;  but  tlie  fact  that  the  venous  blood 
coming  from  the  extremities  contains  more  cholesterine  than 
the  arterial  blood,  taken  in  connection  witb  the  fact  thi 
none  of  the  tissues  of  the  extremities  contain  cbolestei 
except  the  nerves,  renders  it  more  than  probable  that  t 
nerves,  as  well  as  the  brain,  are  tbe  seat  of  the  formation  of 
this  principle. 

The  observations  upon  the  cases  of  paralysis  are  interest- 
ing, taken  in  connection  with  the  experiments  on  animak. 
Such  observations  should,  of  course,  be  much  more  elaborate 
and  extended  to  lead,  of  themselves,  to  positive  results ;  but 
they  go  far  to  confirm  our  views  with  regard  to  the  probable 
origin  of  cholesterine  in  the  nervous  system. 


i>n     J 


Q  at-     1 

on  of      f 


summation  of  CholssUrine  hy  the  Imer, — We 
tempted  to  deraonBtrate  experimentally  the  separation  of 
cholesterine  from  the  blood  by  the  liver,  in  the  same  waj^j 
that  we  demonstrated  its  passage  into  the  blood  eirculatin^H 
through  the  brain.  In  the  fii-st  series  of  experiments  on 
this  subject,  we  endeavored  to  show,  on  the  same  animal, 
the  origin  of  cholesterine  in  certain  parts,  and  the  mechanism 
of  its  elimination.  In  these  experiments,  which  were  only 
approximative,  as  we  had  not  then  succeeded  in  extract- 
ing the  cholesterine  perfectly  pure,  we  commenced  with  thd 
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arterial  blood,  examining  it  as  it  went  into  the  brain  by  the 
carotid,  analyzing  the  substance  of  the  brain,  then  analyzing 
t^e  blood  as  it  came  ont  of  the  brain  by  the  internal  jiigiilar, 
ttamining  the  blood  as  it  went  into  the  liver  by  the  hepatic 
srtery  and  portal  rein,  examining  the  secretion  of  the  liver, 
thea  the  blood  as  it  came  ont  of  the  liver  by  the  hepatic 
vein,  examining  also  the  blood  of  the  vena  cava  in  the  abdo- 
men.   The  analyses  of  the  blood  from  the  carotid,  internal 
jogular,  and  vena  cava  have  already  been  referred  to  in 
treating  of  the  origin  of  the  cholesterine.   It  will  be  remem- 
bered that  there  was  a  large  quantity  of  this  substance  in 
tie  internal  jugular,  and  but  a  small  quantity  in  the  carotid, 
fitowiDg  that  it  was  formed  in  the  brain.    We  now  give  the 
Oondofiion  of  these  observations,  which  bears  upon  the  sepa- 
^tion  of  the  cholesteriue  from  the  blood : 

Erperiment  I. — Specimens  of  blood  were  taken  from  the 
hepatic  artery,  portal  vein,  and  hepatic  vein,  and  a  small 
^JUantity  of  bile  from  the  galbbladder.  These  specimens 
^ere  treated  in  the  manner  already  indicated ;  vLx.  evapo- 
nited  and  pulverized,  extracted  with  ether,  the  ether  evupo- 
^ted,  and  the  residue  extracted  with  boiling  alcohol,  this 
Bvaporated,  a  eolution  of  caustic  potasli  added,  and  the 
specimen  then  subjected  to  a  microscopical  examination. 

Microscopical  examination  of  the  extract  from  the  portal 
▼ein  showed  quite  a  number  of  cryatal^s  of  cholesterine. 
These  were  observed  after  the  fluid  had  nearly  evaporated. 

Uieroficopical  examination  of  the  extract  from  the  he- 
patic artery,  made  after  the  fluid  had  nearly  evaporated, 
stowed  a  considerable  amount  of  cholesterine ;  more  than 
^fis  observed  in  the  preceding  specimen.  There  were  also 
observed  a  few  crystals  of  stereorine. 

Tlie  first  examination  of  the  extract  from  the  hepatic 
^ein,  which  wa^  matle  just  before  the  potash  was  added, 
showed  a  number  of  fatty  masses,  with  some  crystals  of  eter- 
*^Hne,  The  solution  of  potash  was  then  added,  and  two 
^^ya  after,  another  careful  examination  was  made,  discov- 


888 


EXCRETION. 


ays      I 

this       I 

be      I 


erirg  nothing  but  fatty  globules  and  granules.  The  watch- 
glasa  wad  then  set  aside  and  was  exanuned  eleven  days 
after,  when  the  fluid  had  entirely  evaporated.  At  this 
examination^  a  few  crystals  of  cholesterine  were  observed, 
for  the  first  tirae.  There  were  also  a  number  of  crj'&tals 
raargaric  and  stearic  acid. 

All  the  examinations  of  the  extract  from  the  bile  ehowi 
cholesterine ;  and  the  precipitate  consisted,  indeed,  of  this      j 
substance  in  a  nearly  pure  state.  i^H 

Taking  these  experiments  in  connection  with  the  firs^^ 
observations  on  the  carotid  and  internal  jugular,  while  the 
one  series  demonstrates  pretty  conclnsively  that  cholesterine 
is  formed  in  the  brain,  the  other  shows  that  it  disap^pears,  trf 
a  measure,  from  the  blood  in  its  passage  through  the  liver, 
and  is  passed  into  the  bile.     In  other  words,  it  is  farmed  in 
the  nervous  tissue,  and  is  prevented  from  accumulating  in  the 
blood  l)y  its  excretion  by  the  liver.     This  suggests  an  inter- 
esting series  of  inquiries ;  and  this  fact,  fully  substantiated^ 
would  be  as  important  to  the  pathologist  ad  to  the  physiolo- 
gist.    But  in  order  to  settle  this  question,  it  is  neceseary  to 
do  something  more  than  make  an  approximative  estimate 
of  the  quantity  of  cholesterine  removed  from  the  blood  by 
the  liver.     The  quantity  thus  removed   in  the  paasage  of 
the  blood  through  this  organ  should  be  estimated,  if  pos- 
Bible,  as  closely  as  the  quantity  which  the  bloc»d  gains  in  its 
passage  through  the  brain.    But  this  estimate  is  more  diffi- 
cult,    The  operation  for  obtaining  the  specimens  of  blood, 
in  the  iii^t  place,  is  much  more  serious  than  that  for  collecl 
ing  blood  fi\>ra  the  carotid  and  internal  jugular.     It  is  vei 
difficult  to  take  the  unmixed  blood  from  the  hepatic  vein 
and  the  exposure  of  the  liver,  if  prolonged,  may  interfc 
with  its  eliminative  function,  in  the  same  way  that  exposuro 
of  the  kidneys  arrests,  in  a  tew  moment^  the  flow  from  the 
ureters.     It  is  probable,  however,  that  the  administration 
of  ether  does  not  interlere  with  the  elimination  of  chole^ 
terine  by  the  liver,  as  it  does,  apparently,  with  its  formation 


121.  the  brain*  AnsestheticSj  we  know,  liave  a  peculiar  and 
special  action  on  the  brain,  but  do  not  interfere  with  the 
fimctions  of  vegetative  life,  such  as  secretion  or  excretion ; 
ftnd,  we  may  snpposej  would  not  interfere  with  the  depurative 
fiiGction  of  the  liver.  It  is  fortunate  that  this  is  the  case, 
for  the  operation  of  taking  blood  from  the  abdominal  ves- 
sels is  immensely  increased  in  difficulty  by  the  Btruggles  of 
an  animal  that  is  not  under  the  influence  of  an  anaesthetic. 

With  the  view  of  settling  the  question  of  the  disappear* 
«nce  of  a  portion  of  the  cholesterino  of  the  blotKl  in  its 
pasisa^  through  the  liver,  by  an  accurate  quantitative  analy- 
eia,  we  repeated  the  operation  for  drawing  blood  from  the 
▼eesels  which  go  into,  and  emerge  from  the  liver.  In  the 
fii^t  trial  the  blood  was  drawn  so  unsatisfactorily,  and  the 
operation  was  so  prolonged,  that  it  was  not  thought  worth 
while  to  complete  the  analysis,  and  the  experiment  was 
abandoned.    In  the  following  one  we  were  more  successful. 

Ej^jieriment  11. — A  good-sized  bitch  (pregnant)  was 
brought  completely  under  the  influence  of  ether,  the  abdo- 
men laid  freely  open,  and  blood  drawn,  first  from  the  hepatic 
and  next  from  the  portal  vein.     The  taking  of  the 

'I  was  entirely  satisfactory,  the  operation  being  done 
i^pidly,  and  the  blood  collected  without  any  admixture.  A 
specimen  of  blood  was  then  taken  from  the  carotid,  to  repre- 
sent the  blood  from  the  hepatic  artery. 

The  three  specimens  of  blood  were  then  examined  in  the 
tifltml  way  for  cholesterine,  with  the  following  results : 

Blocid.  CbolcBtoKnc.         Gho1o«toiilno  '^vt 

grg^m,  grairu.  1«CI00  pU> 

AnerUl  blood 159'6S7  0  200  1'2S7 

l^ortalTdn 168*257  0-170  100» 

Hepatic  rein. 79*848  0'077  0'984 

^^centage  of  lota  m  ArtenaH  blood  in  its  passAge  through  the  lirer... .  23*300 
Do.  do.  the  blood  of  the  portal  vein 4*460 


This  e^q^eriment  proves  positively,  what  there  was  good 
&^otmd  for  supposing  from  Experiment  I.,  that  cholesterine 
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is  separated  from  the  blood  by  the  liver ;  and  liere  we  may 

note,  in  passing,  a  striking  coincndence  between  tlie  analy&is 
in  a  previous  experiment,  in  wiiicii  the  blood  was  studied  in 
its  passage  through  the  brain,  and  the  one  just  mentioned^ 
"where  the  blood  was  studied  in  its  passage  through  the  liver. 
The  gain  of  the  arterial  blood  in  choleeterine  in  passing 
through  the  brain  was  23*307  per  cent.j  and  the  loss  of  this 
Bubstanee  in  passing  through  the  liver  is  23*309  per  cent* 
There  must  be,  of  course,  tlie  same  quantity  separated  l>v 
the  liver  that  is  produced  by  the  nervous  system,  it  being 
formed,  indeed,  only  to  be  eejiarated  by  this  organ,  its  for* 
mation  being  continuous,  and  its  removal  necessarily  the 
same,  in  order  to  prevent  its  accumulation  in  the  circulating 
fluid.  The  almost  exact  coincidence  between  these  two 
quantities,  in  specimens  taten  fi^om  ditferent  animals,  though 
not  at  all  necessary  to  prove  the  fact  just  mentioned,  is  etill 
verj"  striking. 

It  is  shown  by  Experiment  IL  that  tl»e  portal  blood,  as  it 
goes  into  the  liver,  contains  but  a  small  percentage  of  cho- 
lesterine  over  the  blood  of  the  hepatic  vein,  while  the  per- 
centage in  the  arterial  bIo(>ii  is  large.  The  arterial  blood  is 
the  mixed  blood  of  the  entire  system ;  and  as  it  probablj 
passes  through  no  organ  before  it  gets  to  the  liver,  that  di- 
minishes its  cholesterine,  it  contains  a  quantity  of  this  sub- 
stance, which  must  be  removed.  The  portal  blood,  coming 
from  a  limited  part  of  the  system,  contains  less  cholesterine, 
though  it  gives  up  a  certain  quantity.  In  the  circulation  of 
the  liver,  the  portal  system  largely  predominates,  and  is 
necessary  to  other  important  functions  of  this  organ,  such 
aa  the  production  of  sugar ;  but  soon  after  the  portal  vein 
enters  the  liver,  its  blood  becomes  mixed  with  that  from 
the  hepatic  artery,  and  from  this  mixture  the  cholesterine  is 
separated.  It  is  only  necessary  that  blood,  containing  a 
certain  quantity  of  cholesterine,  should  come  in  contact  with 
the  bile-secreting  cells,  in  order  that  this  substance  be  sepa- 
rated.    The  fact  that  it  is  eliminated  by  the  liver  is  proven 
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with  much  less  diflSculty  than  that  it  is  formed  in  the  nervouB 
*7Btem.  In  fact,  its  presence  io  the  bile,  and  the  necessity 
of  itfl  constant  removal  from  the  blood,  consequent  on  its 
constant  formation  and  absorption  by  this  fluid,  are  ahnost 
flufficient  in  themselves  to  warrant  the  conclusion  that  it  is 
Wffloved  by  the  liver.  This,  however,  is  put  beyond  a  doubt 
the  preceding  analyses  of  the  blood  going  to  and  coming 
fit)m  this  organ. 

la  treating  of  the  composition  of  the  fseces,  we  have  con- 

sidfired  bo  fully  the  changes  which  the  choleaterine  of  the  bile 

Qndei^oes  in  its  passage  down  the  intestinal  canal,  that  it 

is  not  necessary  to  refer  to  this  portion  of  the  subject  again  J 

Ve  have  made  but  one  examination  of  the  quantity  of  ster- 

riue  contained  in  the  daily  fsecal  evacuation,  and  assuming 

t  the  amount  of  cholesterine  excreted  by  the  liver  in 

enty-four  hours  is  equal  to  the  amount  of  stercorine  found 

hi  the  evacuations,  the  quantity  is  about  ten  and  a  half 

grains.     This  corresponds  with  the  estimates  of  the  daily 

Poantily  of  cholesterine  excreted,  calculated  from  its  propor- 
OD  in  the  bile  and  the  estimated  daily  amount  of  bile  pro- 
Boed  by  the  liver. 
To  complete  the  chain  of  the  evidence  leading  to  the 
cjonclogion  that  cholesterine  is  an  excrementitions  principle, 
formed  in  certain  of  the  tissues  and  eliminated  by  the  liver, 
I  it  is  only  necessary  to  show  that  it  is  liable  to  accnnuilate  in 
the  blood  when  the  eliminating  fimction  of  the  liver  is  in- 
terrupted. It  will  be  remembered  tliat  it  was  only  afler  ex- 
tirpatioD  of  the  kidneys,  followed  by  accumulation  of  urea 
in  the  blood,  that  Prevost  and  Dumas  were  able  to  demon- 
*tnte  the  preexistence  of  this  principle  in  the  circulating 
fluids  and  indicate  the  mechanism  of  its  separation  from  the 
Wood  by  the  kidneys.  This  mode  of  study  has  been  applied 
*<>  certain  of  the  elements  of  the  bile,  though  without  sue- 
owa;  for  Miiller,  Knnde,  Lehmann,  and  Molescliott,  who 
^^  extirpated  the  livers  from  frogs,  looked  in  the  blood 

*  See  ToL  !L,  Dlgesiioti,  p.  399,  H  $«^, 
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only  for  the  biliary  salta/  We  have  not  been  able  to  re- 
peat these  experiments  on  frogs,  and  analyze  the  blood  for 
cholesterine,  but  we  have  arrived  at  very  positive  results 
in  the  study  of  the  blood  iu  diseased  conditions  of  the 
liver,  that  are  interesting  alike  to  the  physiologist  and  the 
pathologist. 

It  has  long  been  recognized  that  cases  of  ordinary  icteru» 
are  not  of  a  grave  character,  while  there  are  cases  in  which 
the  jaundice,  though  less  marked  as  regards  color,  is  a  very 
diflferent  condition.  Chemists  have  analyzed  the  blood,  in 
the  hope  of  explaining  this  difference  by  the  presence,  in  the 
grave  cases,  of  the  tam-ocholate  and  glycocholate  of  soda; 
but  their  failure  to  detect  these  principles  leaves  the  ques- 
tion still  uncertain.  The  real  distinction,  arguing  from 
purely  theoretical  considerations,  would  lie  in  the  propo- 
sition that,  in  cases  of  simple  jaundice,  there  is  merely  a 
resorption  from  the  biliaiy  passages  of  the  coloring  matter 
of  the  bile,  and  in  grave  cases — which  are  almost  invaria- 
bly fatal — ^there  is  retentiou  of  cholesterine  in  the  blood. 

We  have  not  been  able,  on  accoimt  of  the  insolubUity  of 
cholesterine,  to  observe  the  efiects  of  injecting  it  into  the 
blood-vessels,  but  we  have  had  an  opportunity  of  making  an 
examination  of  the  blood  of  a  patient  in  the  last  stages  of 
cirrhosis  of  the  liver,  accompanied  with  jaundice,  and  com- 
pared it  with  an  examination  of  the  blood  of  a  patient  suffer- 
ing from  simple  icterus.  Both  of  these  patients  had  decalo- 
ration  of  the  fffices;  but  in  the  first  the  ictenis  was  a  giave 
sjnnptom,  accompanying  the  last  stages  of  disoi^aniisatian 
of  the  liver ;  while  in  the  latter  it  was  simply  dei>endent  on 
duodenitis,  and  the  prognosis  was  favorable  and  verified  by 
the  result.  As  icterus  acconipanying  jaundice  is  of  very  in- 
frequent occurrence,  we  were  fortunate  in  having  an  oppor- 
tunity of  comparing  the  two  eases. 

"Without  giving  in  full  the  detailaof  these  oases  and  thej 
examinations,  which  are  contained  in  our  original  memoii 
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on  cholesterine,*  it  is  sufficient  here  to  state  the  main  results 
of  the  examinationg  of  the  blood  and  fseces* 

In  the  case  of  simple  jaundice  from  duodenitis,  in  which 
there  was  no  great  disturbance  of  the  eystein,  a  specimen  of 
blood,  taken  from  the  arm^  presented  undoubted  evidences 
of  the  coloring  matter  of  the  bile^  but  the  proportion  of 
diolesterine  was  not  increased,  being  only  0'508  of  a  part 
per  thousand.  The  faeces  contained  a  large  proportion  of 
gaponifiable  fat,  but  no  choleBterine  or  stercorine. 

In  the  case  of  cirrhosis  with  jaundice,  there  were  ascites 
and  great  general  prostration.  This  patient  died  a  few  days 
after  the  blood  and  fseces  had  been  examined,  and  the  liver 
was  found  in  a  condition  of  cirrhosisj  with  the  liver-cells 
ehninken^  and  the  gall-bladder  contracted.  In  this  case  the 
Mood  contained  1'850  pts.  of  cholesterine  per  thousand,  more 
than  doable  the  largeBt  quantity  we  had  ever  found  in  health. 
The  feces  contained  a  small  quantity  of  stercorine. 

Inasmuch  as  cases  frequently  present  themiselves  in  wliich 
there  are  evidences  of  cirrhosis  of  the  liver^  with  little,  if 
any,  constitutional  disturbance,  while  others  are  attended 
with  grave  nervous  sj^nptoms,  it  seemed  an  interesting  ques- 
tion to  determine  wdiether  it  be  possible  for  cholesterine  to 
aooumolate  in  the  blood  without  the  ordinary  evidence  of 
jaundice.  We  had  an  opportunity  of  examining  the  blood 
in  two  strongly-contrasted  casee  of  cirrlnisis,  in  neither  of 
which  was  there  jaundice. 

One  of  these  pationta  had  been  tapped  repeatedly  (about 
thirty  times),  but  the  ascites  was  the  only  troublesome  symp- 
tom, and  his  general  health  was  pretty  good.  In  this  case 
the  proportion  of  cholesterine  in  the  blood  was  only  0*246  of 
a  part  j>er  thousand,  considerably  below  the  quantity  that  we 
had  found  in  health. 

The  other  patient  had  cirrhoBis,  but  was  confined  to  the 

and  was  very  feeble.    The  proportion  qf  cholesterine  in 

*  Amerkan  Journal  of  the  Mtdieal  Seiencetj  FliilftdetpbU,  1802,  Kew  Serleg, 
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the  blood  in  this  caae  was  0*922  of  a  part  per  thousand,  a  lit- 
tle above  the  largeat  proportioii  we  had  foimd  in  health* 

Like  the  examinations  of  the  blood  in  the  three  casea  of 
paraljsiB,  these  pathological  obBervations  are  not  sufficient 
in  themselvas,  to  establish  the  function  of  cholesterine ;  but 
taken  in  connection  with  our  other  experiments,  they  fully 
confirm  our  views  with  regard  to  the  excretory  function  of 
the  liver.  It  is  pretty  certain  that  organic  disease  of  the 
liverj  accompanied  with  grave  symptoms  generally  affecting 
the  nervous  system,  does  not  differ  in  its  pathology  from 
cades  of  simple  jaundice  in  the  fact  of  retention  of  the  bili- 
ary salts  in  the  blood ;  but  these  grave  symptoms,  it  is  more 
than  probable,  are  due  to  a  deficiency  in  the  elimination  of 
cholesterine — the  true  excrementitious  principle  of  the  bile 
— and  its  consequent  accumulation  in  the  system.  Like  the 
accumulation  of  urea  in  structural  disease  of  the  kidney, 
this  produces  blood-poisoning ;  and  we  have  characterized 
this  condition  by  the  name  of  CholesteraBmia,  a  name  ex- 
pressing a  pathological  condition,  but  at  the  same  time  indi- 
cating the  pliysiological  relations  of  cholesterine.* 


'  Stnee  this  chapter  b&a  been  written,  numerous  exp«nnieiit«  have  been  mftde 
upon  the  relations  or  cholesterine  to  nutrition  and  diaaHsimilation ;  btut  xnost  of 
the  obgijrvations  in  wbich  attempts  wc^re  made  to  prodDce  toxic  eflecU  by  mjeio^ 
ing  cholesteriDe  into  the  blood  were  unsucccfiafuL  In  1873,  Kolonmti  lluUer 
(IM^  ChoieiierdmU. — Archh  fur  experittimtcUe  PcUHologie  und  Pharmakoloffif^ 
Leipzig,  1873,  Bd.  L,  S.  213,  e/  j^.)  aucceeded  in  injeeLing  chulestenne  without 
any  bad  effecta  produced  by  inechanica!  obfltrucUoa  of  the  blood-Teasels.  He 
ma4e  &  preparation  by  rubbing  cholesterine  with  glycerine  and  mixing  the  masi 
with  Boap  atid  water.  Me  injected  into  the  veins  of  dogs  2*16  fluidouficefl  of 
this  Bolut ion,  con tui ding  about  ft&  grains  of  cholesterine.  In  five  experimeatB  of 
this  kind,  he  produced  a  complete  repre^eitUtion  of  the  phenomena  of  *'graT« 
Jaundice/*  Muller^a  experiments  are  in  exact  accordance  with  our  riews  OOQ- 
ceming  the  physiological  and  palhologieol  relationt*  of  cbolesteritie,  Ptcot 
{Journal  de  Vanaiomis^  Paria,  1872,  tome  Tiii.^  p.  246,  «^  wq,)  has  reported  a  &tBl 
case  of  "graTO  jaundice,*'  in  which  he  determined  a  great  increase  in  the  firo 
portion  of  cholesterine  in  the  blood,  the  quantity  being  rSoi  per  1000, 
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It  was  formerly  supposed  that  the  chief  and  the  only 
uportant  office  of  the  liver  waa  to  produce  bile,  and  all 
bysiological  reaearchea  into  the  functions  of  this  organ  were 
hen  directed  to  the  question  of  the  usea  of  the  biliary  secre- 
tion; but  in  1848,  it  was  announced  by  Bernard  that  he 
hid  discovered  in  the  liver  a  new  and  important  function, 
»ad  he  proceeded  to  show,  by  an  ingenionBly-conceived 
series  of  experiments,  that  the  liver  is  constantly  producing 

|*ngar  of  the  variety  that  had  long  been  recognized  in  the 
lirine  of  persons  suffering  from  diabeteti  mellitus.  The  great 
pfijfiiological  and  pathological  importance  of  the  discovery, 
ittested,  as  it  was,  by  experiments  which  seemed  to  be  posi- 
^^"yeJy  conclusive  in  their  resnltSj  excited  the  most  profound 
*^'^ntific  interest.    During  the  present  century,  indeed,  tliere 
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have  been  few  physiological  questions  that  have  attracted  so 
much  attention ;  and  the  observations  of  Bernard  were  soon 
repeated,  modified,  and  extended  bj  experimentalists  in  dif- 
ferent parts  of  the  world.  In  1857,  Bernard  discovered  a 
BUgar-forming  material  in  the  liver,  analogous  in  its  compo- 
Bition  and  properties  to  starch ;  and  this  seemed  to  complete 
the  history  of  glycogenosis. 

Shortly  after  the  publication  of  the  glycogenic  theory,  it 
was  found  that  other  changes  were  eflected  in  the  blood  in 
its  passage  through  the  liver,  and  physiologists  then  under- 
stood, for  the  first  time,  how  glandular  organs  might  pro- 
duce secretions,  and  yet  not  discharge  them  into  excretory 
ducts ;  and  this,  indeed,  pointed  the  way  to  the  explanation 
of  the  function  of  the  ductless  glands.  It  is  perfectly  correct 
to  say  that  the  liver  secretes  sugar ;  but  the  secretion,  in 
this  instance,  is  carried  away  by  the  blood ;  and  from  this 
point  of  view,  the  liver  is  a  ductless  gland.  It  is  evident, 
therefore,  that  even  after  having  studied  fully  the  secre- 
tion and  the  physiological  relations  of  the  bile,  we  have  to 
consider  other  glandular  functions  of  the  liver,  hardly  less 
important. 

Evidences  of  a  Olymgeni^c  ^tmeUon  in  the  Liver. — The 

proof  of  the  glycogenic  function  of  the  liver  rest4S  upon  the 
fact,  exi^erimeutally  demonstrated  by  Bernard,  that  in  all 
animals,  the  blood  coming  from  the  liver  by  the  hepatic 
veins  contains  sugar ;  and  that  the  presence  of  this  principle 
here  is  not  dependent  upon  tlie  starch  or  sugar  of  the  food, 
Bernard  assumes  to  have  proven  that,  in  carnivorous  ani- 
mals, never  having  taken  starch  or  sugar  into  the  aliment* 
ary  canal^  except  in  the  mUk,  there  is  no  sugar  in  the  blood 
of  the  portal  vein  as  it  passes  into  the  liver ;  but,  under  nor- 
mal conditions,  the  blood  of  the  hepatic  veins  always  contains 
sugar,  IIa\"ing  examined  the  blood  from  various  part«  of  the 
body,  and  made  extracts  of  all  the  other  tissues  and  organs, 
Bernard  was  unable  to  find  sugar  in  any  other  sitnations 
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Hrer  and  the  blood 


from  the  liver.    As  the 


commg : 
hlood  from  the  liver  is  mixed  in  the  vena  cava  with  the  blood 
from  the  lower  extremities,  and  in  the  right  side  of  the  heart, 
witli  the  blood  from  the  descending  cava,  the  amount  of  sngar 
is  proportionately  diminished  in  passing  from  the  liver  to  the 
hfiail  It  was  fonnd  that  the  sngar  generally  disappeared  in 
tie  longs,  and  did  not  exist  in  the  blood  of  the  arterial  eys- 

K3.  Assnming  that  these  statements  have  been  sustained 
experimental  facts,  there  can  be  no  donbt  that  the  liver 
duces  or  secretes  sugar ;  that  this  secretion  is  taken  up 
h  the  blood ;  and  that  the  sugar  is  destroyed  in  its  passage 
tliiongh  the  Inngs, 

The  question  of  the  production  of  sugar  in  the  economy 
h&  given  rise  to  a  great  deal  of  discussion,  and  the  experi- 
ments of  Bernard  have  been  repeated  very  extensively, 
Many  physiologists  of  high  authority  have  been  able  to 
Verify  these  observations  in  every  particular;  but  others 
have  published  accounts  of  experiments  which  seem  to  dis- 
prove the  whole  theory. 

There  can  be  no  doubt  of  the  fact  that  sugar  may,  under 

certain  conditions,  be  produced  efe  novo  in  the  organism. 

Cases  of  diabetes,  in  which  the  discharge  of  sugar  by  the 

ixrine  continues,  to  a  certain  extent,  when  no  starch  or  sugar 

is  taken  as  food,  are  conclusive  evidence  of  this  proposition. 

It  ifi  a  fact  equally  well  established,  that  the  sugar  taken  as 

L^ttd  and  resulting  from  the  digestion  of  starch  is  consumed 

|Hthe  organism,  and  is  never  discharged.     The  fact  with  re- 

f  prd  to  diabetes  shows,  then,  that  it  is  not  impossible,  when 

tio  sogar  or  starch  is  taken  as  food,  that  sugar  should  be  pro- 

I     daced  in  the  body ;  and  the  failure  to  find  the  sugar  of  the 

■tod  in  the  blood  or  excreta  shows  that  this  principle  is  nor- 

^■tiUy  destroyed  or  consumed  in  the  organism*     It  only  re- 

^^■Bs,  therefore,  to  determine  whether  the  production  of 

'^r  in  diabetes  be  a  new  pathological  process,  or  merely 

^  exaggeration  of  a  physiological  function. 

"6  have  so  often  repeated  and  verified  the  observations 
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of  Bernard,  both  in  experiments  made  for  pnrposes  of  mveft- 
ligation  and  in  public  demonstrations,  tbat  we  can  entertain 
no  doubt  with  regard  to  the  glycogenic  function  of  the  Kver. 
We  have,  however,  made  some  late  observations,  which  have 
modified  our  views  concerning  the  mechanism  of  glycogene- 
Bis ;  but  the  fact  of  the  production  of  sugar  in  the  healthy 
organism  is  not  affected*  Notwithstanding  that  it  seems 
fio  easy  to  verify  these  experiments,  there  is,  particularly  in 
Great  Britain,  a  pretty  wide-spread  conviction,  that  the  liver 
does  not  produce  sugar  during  life,  and  that  the  sugar  found 
by  Bernard  and  others  is  due  to  post-mortem  action.  This 
view  is  based  chiefly  on  the  observations  of  Dr.  Pavy,  of 
Guy'a.  Hospital ;  but  it  has  been  adopted  by  some  authori- 
ties in  Gennany  and  in  France.  In  this  state  of  the  ques- 
tion, it  will  not  be  suiScient  to  detail  merely  the  experi- 
ments that  seem  to  demonstrate  the  glycogenic  function, 
but  it  will  be  necessary  to  examine  these  observations 
critically,  and  compare  them  with  experiments  which  lead, 
apparently,  to  opposite  conclusions ;  for  it  is  but  fair  to 
admit  that  the  observations  of  Pavy  seem  to  be  as  accu- 
rate, and,  at  the  first  blush,  as  conclusive  as  those  of 
Bernard. 

The  experiments  of  Bernard  were  published  for  the  first 
time  in  1848,*  but  were  afterward  much  extended,  and  pul> 
lished  as  a  thesis,  in  1853.*  The  most  accessible  account 
of  the  original  experiments  is  in  the  first  volume  of  his 
published  lectures,  delivered  at  the  College  of  France,  in 
ISS-ir-'SS/  In  addition,  many  of  the  volumes  of  lectures 
published  firom  time  to  time  by  Bernard  contain  new  obser- 

*  BxRNABP,  De  V<mgifU  du  tuere  data  PieonomU  animak. — Archhea  ffhiindm 
de  mSdeeiney  Farias  1848,  4me  s^rie^  tome  xriiL,  p.  808,  et  teq, 

•  BSRNAKDf  Hecherchet  §ur  una  nQuvelU  /(mction  du  fvU^  eondderi  ^ommt 
crffone  produdeur  de  maiihre  mcrh  chex  thomme  et  let  animouz*  Th^  prttenih  A 
la  FacuUi  dtt  Beimcet  de  PariM  patir  ohttmr  U  grade  de  Jhdeur  h  Sei^ncef  Kdhik' 
tdUe9,  Paris,  1858. 

'  Bkbuard,  Lefom  de  phymologk  apknmaUah,  Oowt  c^  mm«9trt  ^hiwtr^ 
1854-'65,  F&rifl,  186^. 
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Tations  npon  the  glycogenic  function ;  *  and  in  the  Journal 
ds  la  phyaioloifie^  1859,  is  an  account  of  the  formation  of 
sugar  in  the  foetus,'  followed  by  some  reflections  upon  its 
relations  to  the  development  of  the  tissues.' 

In  the  account  of  the  discovery  given  by  Bernardj  it 
appears  that  he  firet  sought  for  the  situation  in  the  body 
vhene  the  sugar  derived  from  alimentary  substances  is  de- 
^yed.  With  this  end  m  view,  he  fed  a  dog  for  seven  days 
with  articles  containing  a  large  proportion  of  sugar  and 
stAreli.  On  analyzing  the  blood  from  the  jwrtal  system,  he 
found  a  large  proportion  of  sugar;  and  he  also  found  it  in 
the  blood  of  the  hepatic  veins.  As  a  counter-experiment, 
He  fed  a  dog  for  seven  days  exclusively  on  meat,  and  then 
looked  for  sugar  in  the  blood  of  the  hepatic  veins;  and, 
to  his  surprise,  found  it  in  abundance.  This  experiment 
he  repeated  frequently  with  the  greatest  care,  and  always 
with  the  same  result;  and  he  concluded  that  sugar  was 
formed  in  the  liver,  and  was  contained  in  the  blood  com- 
ing from  this  organ  independently  of  the  diet  of  the  ani- 
nial,  He  afterward  made  extracts  of  the  substance  of  the 
li'^er  and  of  the  other  tiseues,  and  found  that  this  organ 
always  contained  sugar,  while  it  was  not  to  he  detected  in 
*iiT  other  organ  or  tissue  in  the  economy/  In  subsequent 
c^riment^,  it  was  demonstrated  that  the  livers  of  nearly  all 
dwees  of  animals  contained  sugar,  and  that  it  existed  also  in 
th«  human  subject/    lie  made  observations,  also,  upon  the 

*  Bkkk^ro,  X^fCHM  wur  lea  efeU  des  tubttancea  toxiguea  H  rnhdMomtnimum^ 
'^  l«57,  p.  446,  <rt  uq. 

• —  Lepmt  sur  la  phyMo^  et  la  pathologie  du  mftthm  nenma^  Paris,  1858, 
***■«  i.,  p.  897»  ti  it^.i  and  tome  ii.,  p.  544,  et  uq. 

' —  Lffionji  9ur  tm  ptvprUti9  phy^idogiquet  d  fet  alUraHom  palkoloffiquea  det 
*^T*idt»df  rGr<fnm«mf^  Paris,  1859,  tome  it,  p.  88,  ti  teq, 

l^tusAKtf^  Sur  une  ncnmU*  f<mction  du  pktcerUa^~~nfoumal  de  la  pk^ftUdoffUf 
^»  m9,  tome  a,  p.  SI,  d  mq. 

*  Idem,  p.  326,  0i  teq, 

*  ItoiSAAD,  Thkm,  PArift,  1863,  pp.  13,  14. 

'  Bioty^uu},  Op,  ml,,  p,^\^et  »eq,  The  examinfttlotis  of  tlie  liver  of  the  haman 
'^f«ct  fof  ^ugar  were  made  by  Bernard  in  executed  cHmmals,  fiooii after  death, 
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mechanism  of  its  production,  its  disappearance  in  the  bloo<j 
circulating  through  the  lungs,  and  the  various  influence 
which  modiiy  the  glycogenic  function*     These  points  wjU 
he  considered  in  their  appropriate  place;  and  we  will  nov 
proceed,  after  examining  the  processes  for  the  determiuatioa 
of  sugar,  to  take  up,  seriaiim,  the  following  questions : 

1.  The  absence  of  sugar  from  the  blood  of  the 
system  in  animals  that  have  taken  neither  starch  nor  i 
into  the  alimentary  canal, 

2.  The  presence  of  sugar  in  the  blood  as  it  comes  directly 
from  the  liver  by  the  hepatic  veins,  independently  of  saocb 
rine  or  amylaceous  food. 

3.  The  mechanism  of  the  production  of  sugar  by  the  Iker. 

Processes  far  the  Delerminatioii  of  Sugwr. — In  Bernard'^ 
first  observations  on  the  liver,  he  applied  the  fermentation- 
test  to  a  simple  decoction  of  the  hepatic  substance,  and  olh 
tained  unmistakable  evidences  of  sugar.  In  operating  upon 
perfectly  fresli  and  normal  blood,  the  addition  of  water  &»<! 
filtration  frequently  sufficed  to  procure  a  clear  solutioUt  to 
which  the  ordinary  copper-tests  could  be  applied ;  but  the 
most  satisfactory  method  of  making  a  dear  extract  was  to 
boil  the  blood  with  water  and  an  excess  of  sulphate  of  8oda» 
By  this  means  a  clear  extract  can  l>e  obtained,  containing)  i* 
is  true,  a  large  proportion  of  sulphate  of  soda ;  but  this  sail 
fortunately,  does  not  interfere  with  the  tests.  Later,  Bemi 
decolorized  liis  golntions  and  extracts  by  making  the  liqi 
into  a  paste  with  animal  charcoal  and  iiltering.  We  lis^ 
long  been  in  the  habit  of  employing  both  of  these  methods; 
but  when  we  have  simply  desired  to  determine  the  presence 
or  absence  of  sugar,  the  process  with  the  sulphate  of  soda 
has  proved  the  most  convenient.     In  delicate  examinations, 

A&d  in  persons  killed  suddeolj  while  in  perf^&ot  b«alth.  An  opportnnitf  Ittely 
occurred  in  AJbanj  for  the  examiDation  of  the  Hrer  in  n  man  ktll^^d  eaddefilf. 
The  analysis  was  made  by  the  late  Prot  Howard  Townsend,  who  fully  confiimod 
the  obaerratioaa  of  Bernard  (TowwbinDi  Glycoffmie  ^ndion  ef  iJU  litm^ 
Albanj,  1864> 
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however^  we  have  generally  used  animal  charcoal.  We  have 
xmi  both  methods  in  decoloming  the  decoction  of  the  liver- 
satetanoe^  as  well  as  in  operating  upon  the  blood. 

In  ordinary  examinations,  Trommer'g  test  is  Biifficiently 
Mcate;  hut  it  is  not  so  sensitive  nor  go  convenient  as  some 
of  the  standard  test-solutions.     We  have  been  in  the  habit 
jrf  using,  for  the  determination  of  sugar  in  the  urine,  a  modi- 
^Bltion  of  Fehling's  test,  which  is  also  very  convenient  for 
^Bminations  of  the  blood  and  liver-extract.     Tliis  may  also 
le  used  for  quantitative  examinations ;  but,  like  all  of  the 
itmdard  solutions,  it  presents  the  inconvenience  of  under- 
going alteration  by  keeping,  bo  tlaat  it  is  desirable  to  use  it 
fi«6hlv-made  for  each  series  of  examinations.     We  have  suc- 
ceeded in  obviating  this  diificulty,  howeverj  by  the  following 
loodification  in  its  preparation ;  and,  made  in  this  way,  it  is 
iwbably  the  most  convenient  test  that  can  be  used  in  the 
Elimination  of  any  of  the  animal  fluids  for  sugar. 

RFMing^s  Test  far  Sugar. — The  modification  in  the  test 
^simply  in  preparing  three  separate  solutions,  which 
l8jT>e  mixed  just  before  using,  as  fallows : 

Solution  of  crystallized  sulphate  of  copper,  94*73  grainB 
^  «to  ounce  of  distilled  water* 

Solution  of  neutral  tartrate  of  potash,  378*91  grains  in 
ui  ounce  of  distilled  water. 

Solution  of  caustic  soda,  specific  gravity  1*12» 

These  solutions  are  to  be  kept  in  separate  bottles,  and 
**ed  as  follows : 

Take  half  of  a  fluidrachm  of  the  copper-solution,  add 
liJf  a  fluidrachm  of  the  tartrate  of  potash,  add  fifteen  min- 
Jin^  of  distilled  water,  and  add  the  cauBtic  soda,  to  make 
^^  fluidraehms.  It  is  important  to  measure  the  copper- 
ix)^^  with  accuracy,  in  quantitative  analyses,  as  the  quan- 
*^^J  of  copper  decomposed  indicates  the  amount  of  sugar.* 

^  tjjore  modificiition  of  Fehling^i  test  coiiBi«ta  a  imply  in  making  and 
^^  tfa«  Bolutjoiu  Acpamtel^,  and  miilng  them  for  iui«  ui  the  proportiooB 
87 
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To  apply  this  test  in  ordinary  qualitative  analpes,  heat 
a  small  portion  of  the  test-liquid  to  the  boiling  point  in  a 
test-tube,  and  add  the  suspected  fluid,  drop  by  drop.  If 
sugar  be  present  in  even  a  moderate  quantity,  a  dense  yel- 
lowish precipitate  of  the  suboxide  of  copper  will  l>e  produced 
after  adding  a  few  drops;  and  if  the  liquid  be  added  tc 
about  the  same  volume  as  the  test,  and  the  mLxture  be  again 
raised  to  the  boiling  point,  without  producing  any  deposit, 
it  is  certain  that  no  sugar  is  present.  The  estimation  of  the 
quantity  of  sugar  in  any  liquid  depends  npon  t]ie  fact  that 
two  hundred  grains  of  the  testdiquid  is  decolorized  by  ex- 
actly one  grain  of  glucose.  To  apply  this  test,  measure  off 
in  a  glass,  si^ecially  graduated  Ibr  the  purpose,  two  hundred 
grains  of  the  solution ;  put  this  into  a  flask,  with  about  twice 
its  volume  of  distilled  water,  and  boil ;  when  boiling,  add 
the  suspected  solution,  little  Ijt  little,  from  a  burette  gradu- 
ated in  grains  (raising  the  mijcture  to  the  boiling  point  each 
time  and  afterward  allowing  the  precipitate  to  subside),  until 
the  blue  color  ia  completely  discharged ;  by  then  reading  off 
the  nmnber  of  grains  of  the  saccharine  solution  that  haa  been 
added,  the  proportion  of  sugar  may  be  readily  calculated. 
If  the  solution  be  suspected  to  contain  a  considerable  quan- 
tity of  sugar,  the  estimate  may  be  more  accurately  made  by 
dilutoig  it  to  a  known  degree,  say  with  nine  parts  of  water, 
and  a<ldi ng  this  diluted  mixture  to  the  test-liquid. 

Bernard,  in  his  quantitative  examinations,  employed  a 
test-liquid  known  as  Barreswil's  solution,  but  the  process  is 
essentially  the  same  as  the  one  we  have  just  described.  One 
advantage  of  boiling  the  standard  liquid  liefore  applying  the 

required.  Tbe  formuta  giTen  bj  Roln^rts  is  ftd&pted  to  ibe  unperiftl  mcamit; 
reduced  to  EogllBh  grainB  and  wine-iue&suref  it  is  u  follows: 

Sulphate  of  copper,  IWra  grains; 

Keatral  tirtrate  of  potaflh,  STB'Ol  £:ra)nfl ; 

Snlailon  of  caaeric  eoda,  sp.  nj.  1 1'J.  three  and  a  half  flnldooncet. 

Add  water  to  make  tuxactly  six  flnldoituces. 

— {RoBKRTS,  Uriunr^  ami  Etnnf  Dueast*^  Fhiladelphiii,  184S6|  p.  147.  The  error 
made  bj  Roberta  in  taking  the  rDlume  instead  of  the  weight  of  the  sodarsolutioo 
has  ali^o  been  corrected.  These  correetiona  were  luggeated  by  Dr.  ThomM 
Hjeraon^  of  Newton,  N.  J.) 
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test  is  that,  when  it  is  altered  so  as  to  be  unreliable,  the 
yellow  precipitate  is  thrown  down  by  simple  boOing.  In 
makiiig  delicate  examiiiations,  it  is  beet  always,  when  this 
oecniB,  to  tnake  a  fresh  solution.* 


££ammati<m  of  the  Shad  of  the  Portal  System  for 
Su/gar* — If  starch  or  sugar  be  taken  into  the  alimentary 
eanal,  it  is  well  known  that  sugar  is  always  to  be  found, 
during  absorption,  in  the  blood  of  the  portal  system ;  but 
in  the  carnivorous  animals,  that  have  been  fed  entirely  upon 
meat,  no  sugar  is  to  be  found  in  the  portal  blood,     Bernard 
18  very  definite  upon  this  point,  and  indicates  a  liability  to 
error  when  the  operation  of  tying  the  portal  vein  has  not 
been  skilfully  performed,  and  when  blood,  containing  sugar, 
ia  allowed  to  regurgitate  from  the  substance  of  the  liver.    In 
taking  the  blood  just  before  it  enters  the  liver,  it  is  necessary 
to  apply  a  ligature  to  the  vessels  as  they  penetrate  at  the 
tranaverAe  fissure.    This  should  be  done  quickly,  and  the 
opening  into  the  abdominal  cavity  should  be  small.     Other- 
wise, aa  the  vessels  have  no  valves^  we  are  liable  to  have  re- 
flux of  bl€M>d  from  the  liver.    We  have  frequently  performed 
the  experiment,  after  the  method  described  by  Bernard, 
tnaldDg  a  small  opening  in  the  linea  alba  a  little  helow  the 
ensiform  Carthage,  just  large  enough  to  admit  the  forefinger 
of  the  left  hand ;  introducing  the  finger,  and  feeling  along 
the  concave  surface  of  the  liver  until  we  are  able  to  seize 
the  vessels;  then  passing  in  an  aneiirism^needle,  and  con- 
stricting the  vessels  before  the  abdomen  is  widely  of^enedJ 
when  a  firm  ligature  is  applied*     When  this  step  of  the 
operation  has  been  satisfactorily  performed,  we  have  never 
fotmd  a  trace  of  sugar  in  the  extract  from  the  blood  of  the 
portal  systent,  in  animals  that  have  been  fed  upon  nltrogen- 
t2ed  matter  alone. 

Among  those  who  have  refused  to  admit  the  glycogenic 

*  The  properties  of  the  test«liqaid  miij  be  restored  stiflSciently  for  ordinary 
qwUIteciTe  examiafttioiu  bj  adding  a  little  more  caustio  Boda  and  filtering* 
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function  of  the  liver,  there  have  been  few  who  have  deni^ 
the  proposition  that  the  portal  blood  does  not  contain  sug^ 
eJteept  during  absor]:>tion  of  this  principle  from  the  alitnc^]: 
tary  canal,     Figiiier,  who  made  an  elaborate  series  of  inroe 
tigations  on  this  subject  with  the  view  of  invalidating  the 
experimentg  of  Beniard,  assumed  that  this  proposition  was 
incorrect,  and  that  the  porta!  blood  carries  sugar  to  the  ]ivet 
dui*ing  the  digestion  of  starchy  and  saccharine  matters,  where 
it  is  retained/  and,  farthermore,  that  there  is  sugar  in  tlie 
blood  of  the  portal  vein  during  the  digestion  of  raw  meat' 
From  these  and  other  observations,  Figuier  couclud€s  ttftt 
the  liver  does  not  produce  sugar,  but  that  the  sugar,  broa 
to  this  organ  by  the  portal  bloody  is  here  stored  up,  to  1 
passed,  little  by  little,  into  the  blood  of  the  hepatic  veiaa.' 

These  conclusions  cannot  be  accepted,  for  the  reason  i 
the  evidence  of  the  presence  of  sugar  in  the  portal  blood  ( 
animals  during  the  digestion  of  meat  is  far  from  satia&c^ 
tory.  A  commission  of  tlie  French  Academy  of  Scieno 
compo&ed  of  MM.  Dumas,  Pelouze,  and  Rayer,  after  a  ( 
examination  of  the  extracts  of  the  portal  blood  presented  1 
M.  Figuier,  decided  that  the  evidence  of  the  presence  of  sngw 
was  insufficient,  and  came  to  the  conclusion  "that  »Qg« 
was  not  appreciable  in  the  blood  of  the  portal  vein  of  a  i<f 
fed  on  raw  meat."  *  This  seems  to  settle  the  question,  as  fitf 
as  the  observations  of  M,  Figuier  are  concerned,  the  reprt 
of  the  commission  being  pretty  generally  accepted  as 


satia&c^ 
cienoefl 
LcarefiH 
utedbjfl 


elusive.' 
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*  FiotriicRj  Mhncire  9ur  torigin^  du  tuert  datu  U  f<M  et  iur  rerUtm«  nomf^ 
du  iuer«  dfim  U  tanff  d^  thomane  «t  d^t  aHimaia.^Oimipli9  rendut^  P«ria»  l^^* 
toioe  xl,  p.  228. 

'  FiG^isB,  Bfujnhne  mimoire  d  propo9  de  ta  /ontHcm  gfyeogitiiiqtu  du  Jm^ 
Comptis  rmdu§^  Piiris,  1855^  tome  xl,  p.  674. 

*  Fi  or  1 101,  Troitdhne  tnhnmrt  mtr  ta  ftmdhn  ^tfttoginiqut  tk»  fok^^-OBiii^f'^ 
rtndu4,  Paris,  18fi5,  tome  xlL,  p.  852. 

*  Dmis^  Rapport  wurditren  tnSmoirea  relatifi  aui/imetioru  dufaiit, — Omflt^ 
rmthu^  PariB,  1855,  imnG  xl^  p.  128L 

•*  BKnAnn,  Nofe  addUianwlh  au  mhnoirt  lu  d  VAtadhfue  dan$  la  tianet  <At  \^ 
m^^  1857,— (?<udtf«  hdtdomadairt^  Paris,  1857,  tome  hr.,  p.  414. 
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Tlie  only  other  question  that  has  been  raised  with  regard 
>tlie  possible  presence  of  sugar  or  stigar-foraiiog  matter  in 
>  blood  of  the  portal  vein  has  been  that  inosite  (C,,H„Oj,), 
Hobetance  discovered  by  Scherer  in  the  muscular  tissue  of 
the  heart,'  might  be  introduced  into  the  portal  blood  with 
the  animal  food.     But  even  ii'  inosite  Bhould  l>e  contained 
^^  food  and  be  detected  in  the  blood  of  the  portal  system, 
^Peannot  possibly  have  any  thing  to  do  with  the  glycogenic 
rpwceBS,  and  it  is  not  knoMni  that  it  has  any  relations  to  the 
Bngtrik    Anhydrons  inoeite  is  isomeric  with  anhydrous  glu- 
cose, bat  it  does  not  respond  to  any  of  the  copper-tests,  and 
%  unferment^ble.' 
^m  In  view  of  all  these  facts,  there  can  be  no  doubt  that  the 
^Bod  curried  to  the  liver  by  the  portal  vein  does  not  contain 
^Har,  in  animals  fed  solely  upon  niti'ogenized  matters.    The 
^^ntity  of  blood  carried  to  the  liver  by  the  he|>atic  artery 
ia  iiiBignificant ;  and,  although  the  arterial  blood  may  tem- 
poririly  contain  a  trace  of  sugar,  as  we  shall  see  farther  on^ 
Ub  need  not  comYylicate  the  questifm  under  considerationj  aa 
\  preseuce  of  sugar  in  the  blood  of  the  hepatic  artery  is  ex- 
tional,  and  its  proportion,  when  it  exists,  is  very  minute. 


^Examination  of  the  Blood  of  the  ITepaiie  Veins  for 
far, — It  is  upon  this  question  that  the  wliole  doctrine  of 
1 6ugar-producing  function  of  the  liv(^  must  rest.     If  it 
i  be  proven  that  the  blood,  taken  from  the  hepatic  veins 
Dg  life  or  immeiliately  after  death,  normally  contains 
^r»  while  the  blood  distrihuted  to  the  liver  contains  neither 
'  nor  any  substance  that  can  be  immediately  c(*tj verted 
sttgar^  the  inevitable  conclusion  is  tliat  the  liver  is  a 
W-producing  organ.     We  shall,  consequently,  examine 
I  part  of  the  question  with  the  care  which  its  impurtance 
demands. 


*  Scants,  U«btr  eine  nme^  ohm  drrn  MnJtl'elfeistM^  gtwmfhme  Btekmai,-* 
«im  ikr  Chemit  ^nd  Fltarfnaeie^  HeuJelberg,  1850,  Bd,  liilVi.,  S.  322,  ft  $eq, 
'  Lkhma5N,  Fhjftioloffical  CJtefnistfy^  PbiladelpMa,  1S55,  vol.  Lj  p.  264. 
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The  proposition  that  the  blood  from  the  hepatic  veins  does 
not  contain  sugar  during  life  and  health  cannot  be  sustained 
by  actual  experiment*  Observers  may  say  that  the  quantity 
is  very  elight,  but  its  existence  in  this  dtnation,  indepen- 
dently of  the  kind  of  food  taken,  cannot  be  denied.  Dr, 
Pavy,  who  is  the  originator  of  the  theory  that  the  sugar 
found  in  the  liver  and  in  the  blood  coming  from  the  liver 
is  due  to  a  post*mortem  change,  nowhere  states  tliat  he  has 
taken  the  blood  from  the  hepatic  veins  and  failed  to  find 
gugar.  He  etates  that  lie  has  found  the  blood  taken  from 
the  right  side  of  the  heart  by  catheterization,  in  a  living 
animal,  "  seareoly  at  all  impregnated  with  saccharine  mat- 
ter/* *  but  he  does  not  deny  its  presence  in  small  quantity. 
In  twelve  examinations  made  by  Dr.  M'Donnell^  of  Dublin, 
traces  of  sugar  were  found  in  five  speclinens  of  blood  taken 
from  the  right  auricle  by  catheterization^  in  the  living  ani- 
mal, and  no  sugar  was  detected  in  seven.'  It  must  be  re- 
membered, in  considering  these  experiments,  that  the  blood 
of  the  right  side  of  the  heart  is  the  mixed  blood  from  the 
entire  body ;  and,  assuming  that  the  hepatic  blood  i&  con* 
stantly  saccharine,  the  quantity  in  the  blood  of  the  light 
heart  would  not  be  very  gr^at. 

In  opposition  to  these  experiments,  which  are  only  par* 
tially  negative,  we  have  the  following  results  of  examina- 
tions of  the  blood  of  the  hepatic  veins  and  of  the  right  side 
of  the  heart  taken  as  nearly  as  possible  under  normal  condi- 
tions. 

To  demonstrate  the  absence  of  sugar  in  the  portal  vein 
and  its  constant  presence  in  the  hepatic  veins  in  dogs  fed  ex- 
clusively on  meat,  Bernard  employed  the  following  process ; 
The  animal  was  killed  instantly  by  section  of  the  medulla 
oblongata.  A  small  opening  was  then  made  into  the  abdo- 
men, just  large  enough  to  admit  the  finger  and  to  enable 

*  Patt,  E6$earchm  on  tlu  Nature  and  Trmtmeni  of  DiaUUi,  London^  X86S, 
pp.  44,  46. 

'  M'DoNNSLLi  ObtervatioM  on  thi  Mtnetiom  of  the  lAttr^  Dublin,  1S^5|  p.  4. 
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liim  to  seize  the  portal  vein  as  it  enters  at  the  transverse 
fisfiore,  and  apply  a  ligature.  The  abdomen  was  then  freely 
opened  and  a  Hgatnre  applied  to  the  vena  cava  just  above  the 
renal  veinsj  to  shut  oft"  the  blood  from  the  posterior  extremi- 
ties. The  chest  was  then  opened,  and  a  %ature  was  applied 
to  the  vena  cava  jutit  above  the  opening  of  the  hepatic  veinsa. 
Operating  in  this  way,  blood  may  he  taken  from  the  portal 
Bystem  before  it  enters  the  liver,  and  from  tlie  hepatic  veins 
as  it  passes  out.  In  the  blood  from  the  portal  system  no 
KOgar  is  to  be  found,  but  its  presence  is  unmistakable  in  the 
blood  from  the  hepatic  veins,*  To  avoid  disturbing  the  cir- 
culation in  the  liver,  and  in  order  to  collect  from  tlie  hepatic 
veins  as  large  a  quantity  of  blood  as  possible,  Bernard  modi- 
fied the  experiment,  in  some  instances,  by  introducing  into 
the  vena  cava  in  the  abdomen  a  double  sound,  the  extremity 
af  which  is  provided  with  a  bulb  of  India-rubber.  This  was 
pushed  into  the  vein  above  tlie  diaphragm ;  and  by  inflating 
the  bulb,  the  vein  was  obstructed  above  the  liver,  and  the 
Uood  could  be  collected  through  one  of  the  canute,  as  it 
came  directly  from  tbe  hepatic  vessels.  Bernard  never 
fiuled  to  determine  the  presence  of  sugar  in  these  specimens 
ai  blood,  employing  a  number  of  diflerent  processes,  includ- 
ing the  fermentation -test  and  even  collecting  the  alcohol.' 
To  complete  the  proof  of  the  existence  of  sugar  in  the  blood 
coming  from  the  liver,  Bernard  demonstrated  its  presence  in 
blood  taken  from  the  right  auricle  in  a  liring  animal.  He 
also  showed  that  during  digestion  the  whole  mass  of  blood 
tntained  sugar,  but  the  quantity  was  greater  in  the  right 
.e  of  the  heart  than  in  the  arterial  system.' 
It  18  unneceesary  to  cite  all  the  authorities  that  have 
confirmed  the  observations  of  Bernard.    Shortly  after  these 


*  Bi3t!fjuit),  lefwu  de  pAif^^kgit  apMmnkde,  Purii,  185S,  p.  494  Tbe 
fiiader  mil  find  bere  a  descHptioD,  wilh  i  figure,  of  the  mBtruineni  toeotigned 
ia  tht  text,  whicb  i«  rerj  ingtfiiioas. 

•  Qpv  cil..  p.  120, 


308 


8fiCB£TIOK. 


experiments  were  published,  Lehmann,*  Frericlis,'  and  many 
others  verified  their  accuracy.  Bernard  gives  in  full  the 
experiments  of  Poggiale*  and  of  Leconte,*  the  results  of 
which  were  identical  vrith  Ids  own.  lie  givee,  aUo,  in  one 
of  hifl  later  works,  the  propoi-tions  of  sugar  in  the  blood  of 
the  hepatic  veins,  obtained  by  Lehmann,  Schmidt,  Poggiale, 
and  Leeonte ;  no  sugar  being  found  in  the  blood  of  the  por- 
tal  BjstenL*  We  have  ourselves  made  a  nnmbex  of  ex|>eri- 
mentfl  with  a  view  of  harmonizing,  if  pofi^ible,  the  disoordant 
observations  of  Bernard  and  Pavy^  and  have  examined  the 
blood  from  the  hepatic  veins  for  sugar,  taking  the  speci- 
mens under  wliat  seemed  to  be  strictly  physiological  condi- 
tions. In  one  of  these  publislied  experiments?,  blood  was 
taken  from  the  hepatic  veins  of  a  large  dog,  fully-grown  and 
fed  regularly  every  day^  but  not  in  digestion  at  the  time  of 
the  experiment,  and  the  operation  lasted  only  seventy 
seconds.  No  anoesthetic  was  employed.  The  extract  of  1 
this  epeeimen  of  blood,  treated  with  Febling's  test-liquid, 
presented  a  well-marked  deposit  of  the  oxide  of  copper,  i 
revealing  unequivocally  the  presence  of  a  small  quantity  of 
Bugar.'  This  has  been  the  invariable  result  in  numerous 
sxperiments  and  class-demonstrations  made  since  1858;  and 
since  the  experiments  just  referred  to  were  published,  we 
have  verified  the  observation  with  regard  to  the  hepatic 
blood,  keeping  the  animal  perfectly  quiet  before  the  opera- , 

1  LEH¥Aifir,  PkysiologicQl  Ckmnktry^  Phi  ltd  el  phi*,  1865^  Tol.  i.^  p.  2ft7- 

*  Frekichsi^  Verdauung, — WAONKR*a  Htindwort^rbu^  der  Fhtfinoioj^ie^  Bnitio* 
■chweigf  1846,  Bd.  111,  erate  Abihellutig,  S.  83L 

■  PoootALK,  ifi  matihe  mcrtt  »£  forme-t-^e  par  Vadion  diffeaiipt^  dam  If/^k 
€t  dfiTtt  h  lorrmi  tirculaimn  f  In  Bkhnard^  Le^om  de  phywioioffit  o^pmnifntol^ 
Paris,  1855,  p.  497. 

*  Lkcoste,  Rtthtrchett  mr  la  JotteUtm  fflncoffSniqu^  du/oie^  Idem,  p.  A99^ 
'  Bfjixahd,  Lhpiul^  de  Vof^mtme,  Pari  a,  1859,  tome  ii^,  p.  98» 

*  Flint,  Jr.,  ExpcrimenU  undertaken  for  tfte  Purpose  of  reeofirilinff  §omt  &/  | 
(h^s  Disc&rdtitit   Obsfrvad&nM  upon  the  Glifeoffenic  Ft^naiion  of  ilie  Livtr. — Ktm 
YorkM^dirai  Jmmn!^  1  BfiO,  yoL  viil,  p,  381.   Those  ejcperiments  will  be  referred 
id  ag^ftin  ID  treating  of  the  question  of  the  existence  of  eugar  in  the  eubstefict 
of  the  lirer  during  life. 


tion,  avoiding  the  administration  of  an  anaesthetic,  and 
taking  the  UckkI  eo  rapidly  that  no  sugar  could  be  formed 
by  the  liver  post  mortem.  These  experiments  leave  no  doubt 
of  the  fact  that,  during  life  and  in  health,  the  blood,  as  it 
paafiee  through  the  liver  and  is  discharged  by  the  hepatic  veins 
into  the  vena  cava,  contains  sugar,  which  is  formed  by  the 
liver,  independentlj  of  the  sugar  and  starch  taken  as  food. 

Doe^  ths  Liver  contain  Sugar  normally  during  Life  f — 
This  is  the  only  question  upon  which  the  results  of  reliable 
experiments  have  been  entirely  opposite,  Bernard  naade  the 
greater  part  of  his  obsen^ations  by  analyzing  the  substance  of 
the  liver;  and  he  arrived  at  most  of  his  conclnsions  with  re* 
gard  to  the  variations  in  the  glycogenic  function,  from  esti- 
mates of  the  proportion  of  sugar  in  tlie  liver  under  ditlerent 
eonditionsw  For  many  years  we  have  been  in  the  habit  of  re- 
peating th^e  experiments,  with  like  results,  and  never  failed 
'  to  find  sugar,  under  normal  conditions  of  the  system.  We 
were  formerly  in  the  habit  of  making  the  demonstrations  of 
the  formation  of  sugar  in  the  liver  upon  animals  that  had 
been  etherized ;  and  then  we  always  obtained  a  brilliant  pre- 
cipitate from  the  clear  extract  of  the  substance  of  the  liver 
boiled  with  the  test-liqnid.  The  experiment  was  jM>rformed 
in  thiB  way  before  we  had  acr|uired  sufficient  dexterity  to 
fiejjse  the  portal  vein  readily  and  to  go  throngh  with  the 
neeefifiary  manipulations  with  rapidity.  We  subsequently 
made  the  operation  by  first  suddenly  breaking  up  the  me- 
dulla oblongata,  then  making  a  small  incision  into  the 
abdominal  cavity,  seizing  the  portal  vein  instantly,  and 
following  out  the  remaining  steps  of  the  experiment  without 
delay.  In  tliis  way,  altliough  sugar  was  always  found  in  the 
blood  of  the  hepatic  veins,  we  frequently  failed  to  obtain  a 
distinct  reaction  in  the  extract  of  the  liver;  and  it  seemed, 
Siideed,  that  the  more  accurately  and  rapidly  the  operation 
wa<  performed,  the  more  difficult  was  it  to  detect  sugar  in 
the  hepatic  substance. 
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It  seems  probable,  in  reflecting  upon  tliese  facts,  that, 
inasmuch  ad  no  one  has  assumed  that  tlie  actual  quantity  of 
fiugar  produced  by  the  liver  is  very  considerable,  and  as  a , 
large  quantity  of  blood  (in  which  the  sugar  is  Tery  soluble) j 
is  constantly  passing  through  the  liver^  precisely  as  we  pa«i] 
water  through  its  vessels  to  remove  the  sugar,  the  sugaf  | 
might  be  washed  out  by  the  blood  as  fast  as  it  is  formed;] 
and  really  the  liver  might  never  contain  sugar  in  its  sub*  1 
stance,  as  a  physiological  condition,  although  it  is  constantly 
engaged  in  its  production.    We  know  that  the  characteristic 
elements  of  the  various  secretions  proper  are  produced  in 
the  substance  of  the  glands,  and  are  washed  out  at  the 
proper  time  by  liquid  derived  from  the  blood,  which  circu- 
lates in  their  substance  during  their  functional  activity  in 
very  much  greater  quantity  than  during  the  intervals  of 
secretion*     Kow,  the  liver-sugar  may  certainly  be  regarded 
as  an  element  of  secretion ;  and,  posfiibly,  it  may  be  com- 
pletely washed  out  of  the  hver,  as  fast  as  it  is  formed,  by 
the  current  of  blood;   the  hepatic  vein,  in  tliis  regard, 
serving  as  an  excretory  duct. 

To  put  this  hypothesis  to  the  test  of  experiment,  it  was 
necessary  to  obtain  and  analyze  a  specimen  of  the  liver  in 
a  condition  as  near  as  possible  to  that  under  wliich  it  exista' 
in  the  living  organiam ;  and  in  carrying  out  this  idea,  we 
instituted  the  following  experiments : 

Msrperimeni  I,— A   medium-sized   dog,     full-grown,  in 
good  condition,  not  in  digestion,  waa  held  upon  the  operate 
ing-table  by  two  assistants,  and  the  abdomen  was  widely  J 
opened  by  a  single  sweep  of  the  knife.     A  portion  of  thol 
liver,  weighing  about  two  ounces,  was  then  excised   and 
immediately  cut  into  small  pieces,  which  were  allowed  tdj 
fall  into  boiling  water.      The  time  from  tbe  first  incision 
until  the  liver  was  in  the  boiling  water  was  twenty-eight 
seconds.      An  excess    of  crystallized  sulphate  of  soda  wa 
then  added,  and  the  mixture  was  boiled  for  about  five  tnin*'^ 
ntes.    It  was  then  thrown  upon  a  filter,  and  the  clear  fluid 
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^St  passed  through  was  tested  for  sugar  by  Trommer^B  test. 
Tte  reaction  was  doubtful,  and  presented  no  marked  evidence 
of  sugar, 

EtperimerU  11, — A  medium-sized  dog,  in  the  same  con- 
dition as  the  animal  in  the  first  experiment,  was  held  upon 
the  table,  and  a  portion  of  the  liver  excised,  as  above  de- 
ecribed.  The  whole  operation  occupied  twenty-two  seconds. 
But  ten  seconds  elapsed  from  the  time  the  portion  of  the 
liver  was  cut  off  until  it  was  in  tlie  boiling  water.  It  was 
boiled  for  about  fifteen  minutes,  made  into  a  paste  with 
animal  charcoal,  and  thrown  upon  a  filter.  The  clear  fluid 
that  passed  through  waa  tested  for  sugar  by  Trommer's  test. 
There  was  no  marked  evidence  of  sugar. 

Experiment  III. — A  large  dog,  full-grown,  and  fed  regu- 
larly every  day,  but  not  in  digestion   at  the  time  of  the 
experiment,  wai5  held  firmly  upon  the  table.     This  dog  had 
been  in  the  laboratory  about  a  week,  and  was  in  a  perfectly 
normal  condition.     The  abdominal  cavity  was  opened,  and 
a  piece  of  the  liver  cut  off  and  thrown  into  boiling  water, 
the  tune  occupied  in  the  process  being  ten  seconds.     Be- 
fore the  liver  was  cut  up  into  the  boiling  water,  the  blood 
Was  rinsed  off  in  cold  water.    The  liver  was  boiled  for  al>out 
seventeen  minutes,  mixed  with  animal  charcoal,  and  the 
^Wle  thrown  upon  a  filter* 

Immediately  after  cutting  off  a  portion  of  the  liver  and 
throwing  it  into  boiling  water,  the  medulla  oblongata  was 
broken  up ;  a  ligature  was  applied  to  the  ascending  vena 
civa,  jtist  above  the  renal  veins ;  the  chest  wi»s  opened,  and 
*  ligature  applied  to  the  vena  cava,  just  above  the  opening 
<^f  the  hepatic  veins.  A  apecimen  of  blood  was  then  taken 
f^om  the  hepatic  veins.  This  portion  of  the  ojieration  occu- 
pi^  not  more  than  one  minute.  A  little  water  was  added 
*o  the  blood,  which  was  boiled  briskly,  mixed  with  animal 
''liwcoal,  and  thrown  upon  a  filter.  The  liquid  that  passed 
^ng^h  from  both  specimens  was  perfectly  clear, 

WhUe  the  filtration  was  going  on,  Fehling^s  test-liquid 
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was  made  up,  so  aa  to  be  perfectly  fresh*  The  two  liquids 
were  then  carefully  teeted  for  eugar.  The  extract  of  the 
liver  presented  not  the  slightest  trace  of  sugar.  The  extract 
from  the  blood  of  the  hepatic  veins  presented  a  well-marked 
deposit  of  the  oxide  of  copper^  revealing  unequivocally  the 
presence  of  a  small  quantity  of  sugar. 

Etperiment  IV* — This  experiment  was  made  upon  a 
medium*sized  dog,  in  full  digestion  of  meat.     The  medulla       g 
oblongata  was  broken  up ;  the  portal  vein  was  tied  through  ^H 
a  small  opening  in  the  abdomen ;  and  the  abdomen  was  then  ^ 
widely  opened,  and  a  portion  of  the  liver  excised,  rapii.Uy 
rinsed^  and  cut  up  into  boiling  water.     The  length  of  time 
that  elapsed  between  breaking  up  the  medulla  and  cutting 
up  the  specimen  of  liver  into  the  boiling  water  was  one 
minute. 

The  vena  cava  was  then  tied  above  the  renal  veins,  the 
che4!>t  opened,  and  the  cava  again  tied  above  the  hepatic 
veinB.  Blood  was  then  taken  from  the  hepatic  veins,  about 
an  equal  bulk  of  water  was  added  with  an  excess  of  the 
crystallized  sulphate  of  soda,  and  the  mixture  was  boiled. 
A  portion  of  the  portal  blood  and  the  decoction  of  the  liver 
were  then  treated  in  the  same  way,  and  the  three  specimens 
filtered* 

The  clear  extracts  were  then  tested  with  Fehling^s  liquid, 
with  the  following  result : 

There  was  no  sugar  in  the  portal  blood. 

There  was  no  sugar  in  the  extract  of  the  liver* 

There  was  a  marked  reaction  in  the  extract  of  the  blood 
from  the  hepatic  veins,  the  precipitate  renderhig  the  whole 
eolution  bright  yellow  and  entirely  opaque. 

Tills  exjjeriment  was  made  in  the  presence  of  the  class, 
at  the  Bellevue  Hospital  Medical  CoUege,  January  4,  1869. 

The  importance  of  the  question  under  consideration  and 
its  present  unsettled  condition  are,  we  hope,  sufficient  to 
justify  the  introduction  of  the  details  of  the  preceding 
experiments.    They  were  undertaken  with  the  view  of  bar- 
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moniziagy  if  poaaible,  the  facts  brought  forward  by  diiSerent 
experi  men  talists. 

It  is  difficult  to  imagine  how  any  observer,  so  well 
known  and  accurate  as  Dr.  Pavy,  could  assert  positively,  as 
the  result  of  personal  examination,  that  the  liver  does  not 
contain  sugar  when  examined  immediately  after  its  removal 
from  the  living  body,  when  Bernard  and  bo  many  others 
have  demonstrated  its  presence  in  this  organ  in  large  quan- 
tity. Yet  such  was  the  result  of  all  the  experiments  of 
Pavy,*  and  the  same  conelubion  was  arrived  at  by  M'Don- 
nell/  and  afterward  by  Meissner  and  Jaeger^  and  by  Schiff.' 
The  elegant  experiment  of  Bernard,  showing  that  sugar  is 
formed  in  a  liver  removed  from  the  body  and  washed 
ftngar-free  by  a  stream  of  water  passed  through  its  vessels,* 
demonstrated  the  possibility  of  the  production  of  sugar  post 
mortem,  so  strongly  claimed  by  Pavy  as  the  only  condition 
under  which  it  is  ever  formed ;  still,  it  does  not  seem  pos- 
sible to  deny  the  sugar-producing  function  of  the  liver,  in 
view  of  the  conclusive  experimental  proof  of  the  constant 
presence  of  glucose  in  the  blood  of  the  hepatic  veins. 

From  our  own  experiments  we  have  come  to  the  conclu- 
Mon  that  Dr.  Pavy  and  those  who  adopt  his  views  cannot 
consistently  deny  that  sugar  is  constantly  formed  in  the  liver 

^  Patt*  Betfictrehm  on  Svgttr  FhrmaUim  m  the  Liver, — F^Mophieal  TVaro* 
•dWfui,  Londoo,  18(^0,  p.  595,  and  JU«mrcha  on  the  Naiure  and  Treaimmi  of 
Piabetm^  London,  186i,  p.  52,  ti  uq, 

*  M^DoinfiLL,  ObwmdionMon  the  Fimetioni  of  thi  ZiMr,  BubUn,  1S66,  i>.  t, 

^^  ■  80III7F,  ITonmlkB  rechitrchm  ntr  la  glifcoffmie  oninw/lp.— JowiuJ  de  ranatomUy 
^^■^li,  18AA,  tome  ilL,  p.  354,  et  §eq,  Meiasner  and  Jaeger  and  SchiJT  look  por* 
^^Bm  of  fhe  Utot  from  liviDg  aniinAls  and  from  animals  at  the  instAcit  they  were 
^^^■led  bj  ieciion  of  the  medtiUa  oblongata,  plunged  the  tissue  Immedlatclj  into 

^Kllhig  wftter,  ftnd  iDToriablj  failed  to  find  sugar  in  the  extraoL  Tbe}r  did  not, 
b0v«ff«r,  recogniae  sugar  in  tlie  blood  comiDg  from  the  lirer,  as  wa  did  in  our 

*  BaJTAXD,  8ttr  h  mkhanitrM  de  laformedvm,  du  tttcre  dant  te/oU, — Comptm 
rtmdmt  Plorifl,  IBSfi,  tome  xli.,  p.  461,  and  Le^ofu  mtr  kt  efe(§  dei  ndntanem 
latffiiii  «l  mSdieammttumt  Paria,  ISC 7,  p*  453. 
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and  discliarged  into  the  blood  of  the  hepatic  veins ;  nor  can 
Bernard  and  his  folIoTrerB  ignore  the  fact  that  the  liver  doea 
not  contain  sugar  during  life ;  although,  as  has  been  shown 
by  Pavy,  and  more  specifieany  by  M'Donnell,'  sugar  ap- 
pears in  the  liver  in  great  abundance  soon  after  death. 

In  the  experiments  that  we  have  just  detailed,  which 
are  simply  typical  examples  of  numerous  unrecorded  obser- 
vations, we  attempted  to  verify  the  observations  of  Pavy 
without  losing  sight  of  the  facts  observed  by  Bernard,  and 
to  verify  the  experiments  of  Bernard  in  the  face  of  the 
apparently  contradictory  statements  of  Pavy.  When  an 
animal  is  in  perfect  health,  has  been  kept  quiet  before  the 
exf^eriment,  and  a  piece  of  the  liver  is  taken  from  him  by 
two  sweeps  of  the  knife,  the  blood  rinsed  from  it  and  the 
tissue  cut  up  into  water  already  boiling,  the  whole  operation 
occupying  only  ten  seconds  (as  was  the  case  in  Experiment 
III. ),  the  liver  is  m  nearly  as  possible  in  the  condition  in 
which  it  exists  in  the  living  organism.  As  this  was  done 
repeatedly  in  animals  during  digestion  and  in  the  intervals 
of  digestion,  and  an  extract  thoroughly  made  without 
finding  any  sugar,  we  regarded  the  experiments  of  Pavy  as 
entirely  confirmed,  and  the  fact  demonstrated  that  the  liver 
does  not  contain  sugar  dm*ing  lite.  On  the  other  hand, 
when  we  made  the  experiment  on  the  liver  as  above 
described,  and,  in  addition,  took  specimens  of  the  portal 
blood  and  the  blood  from  the  hepatic  veins,  under  strictly 
physiological  conditions  (as  was  done  in  Experiment  IV.), 
and  found  no  sugar  in  the  portal  blood  or  in  the  substance 
of  the  liver,  hut  an  abundance  in  the  blood  of  the  hepatic 
veins,  it  was  impossible  to  avoid  the  conclusion  that  the 
sugar  was  formed  in  the  liver,  and  was  washed  out  in  the 
blood  as  it  passed  through. 

In  treating  of  the  mechanism  of  the  formation  of  sogar 
in  the  liver,  we  shall  describe  more  fully  the  glycogenic  mat- 
ter ;  but,  taking  into  consideration  the  deraonsti*ation  of  the 
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of  sngar  in  the  blood  of  the  hepatic  veins  by  Ber- 
;  hia  diftcorery  of  the  post-mortem  production  of  sugar 
in  a  liver  washed  sugar-free,  probably  from  a  Bubstance  re- 
maining iu  tlie  liver  and  capable  of  being  transformed  into 
sugar ;  the  negative  results  of  the  examinations  of  the  liver 
for  sngar  by  Pavy ;  and,  adding  to  this  om*  own  experiments 
upon  all  of  these  points,  we  are  justified  in  adopting  the  fol- 
lowing conclusions ; 

1.  A  enbstance  exists  in  the  healthy  liver,  wbich  is  capa- 
ble of  being  converted  into  sugar ;  and  inasuiueh  as  this  is 
formed  into  sugar  during  life,  the  sugar  being  washed  away 
by  the  blood  passing  through  the  liver,  it  is  perfectly  proper 

call  it  glycogenic,  or  sugar-forming  matter, 

2.  The  liver  has  a  glycogenic  function,  which  consists  in 
the  constant  formation  of  sngar  out  of  the  glycogenic  matter, 
this  being  carried  away  by  the  blood  of  the  hepatic  veius, 
which  always  contains  sugar  in  a  certain  proportion.  This 
production  of  sugar  takes  place  in  the  camivora,  as  well  as 
in  those  animals  tlmt  take  sngar  and  starch  as  food ;  and  it 
10^  essentially,  independent  of  the  kind  of  food  taken* 

3.  During  life,  the  liver  contains  only  the  glycogenic 
matter  and  no  sugar,  because  the  great  mass  of  blood  which 
IB  canstantly  passing  through  this  organ  washes  out  the 
sogar  as  fast  as  it  is  formed ;  but  after  deatlx,  or  when  the 
CLTcalation  is  interfered  with,  the  transformation  of  glyco- 
genic matter  into  sugar  goes  on ;  the  sugar  is  not  removed 
imder  these  conditions,  and  can  then  be  detected  in  the  snb- 
Btance  of  the  liver.  ^ 


Characteristwa  of  the  Limer-Sugar. — Very  little  is  io  be 
said  regarding  the  chemical  peculiarities  of  liver-sngar.  It 
resembles  glucose,  or  the  sugar  resulting  from  the  digestion 
of  starch,  in  its  composition,  having  for  its  formula,  in  a 
crjrBtalline  fonn,  C,,H„0,.,  The  fonnula  for  the  anhydrous 
iQg&r  is  Cj,H,,0„,  This  sugar,  like  glucose,  responds 
promptly  to  all  of  the  copper-tests,  and  undergoes  trans- 
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formation  into  mekssic  acid  on  being  boiled  with  an  alkali 
One  of  its  most  marked  pecnliarities  is  that  it  ferments  more 
readily  than  any  other  variety  of  sugar ;  and  another  pecu- 
liarity, described  fii*st  by  Bemardj  is  that  it  ia  destroyed  in 
the  economy  with  extraordinary  facility.  This  fact  has  been 
illoetrated  by  tlie  following  ingenious  experiment :  Bernard 
injecteil  under  the  skin  of  a  rabbit  a  little  more  than  seven 
grains  of  cane-sngarj  dissolved  in  about  an  ounce  of  water, 
and  found  sugar  in  the  urine.  Under  the  &ame  conditionB^ 
he  fonnd  he  could  inject  seven  grains  of  milk-sugar,  fourteen 
and  a  half  grains  of  glucose,  twenty-one  and  a  half  grains 
of  diabetic  Bugar,  and  nearly  thirty  gr^ns  of  liver-sugar^ 
without  finding  any  sugar  in  the  urine ;  *  showing  that  the 
liver-sugar  is  consumed  in  the  organism  more  rapidly  and- 
completely  than  any  other  saccharine  principle. 


Meehimtsm  of  ths  Production  of  Suffor  in  the  Liver,-' 
TVTien  Bernard  first  described  the  glycogenic  function  of  the 
liver,  he  thought  that  the  sugar  was  produced  from  nitre- 
geuized  principles,  in  some  manner  which  he  did  not  attempt 
to  explain/  Subsequent  discoverieSj  however,  have  led  to 
conclusions  entirely  different. 

In  1865,  Bernard  first  published  an  account  of  his  re- 
markable experiment  showing  the  post-mortem  production 
of  sugar.  After  washing  out  the  liver  with  water  passed 
throngh  the  vessels^  until  it  no  longer  contained  a  vestige  of 
sugar,  it  was  allowed  to  remain  at  about  the  temperature  of 
the  body  for  a  few  hours,  and  was  then  found  to  contfiixi 
sugar  in  abundance,*  This  experiment  we  have  already  re- 
ferred to,  and  it  is  one  that  we  have  fi-equently  verified* 
Bernard  explained  the  phenomenon  by  the  supposition,  sub- 

^  Berkjltip^  Lo^m  de  j^ynologie  apfrimmiak,  Paris,  1855,  p.  214* 

*  Bekkard^  Recherthet  iur  une  nouifeS^  fonetitin  du  fitii^  Thks^  FaHp,  lSt8| 
p.  77. 

*  Bernaho,  Sur  U  mkehanitme  ds  laforTnation  du  tuere  dant  U /oU,'—^Compki 
rmdu4,  Paris,  1856,  tome  xlL,  p.  461. 
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eequently  ehowii  to  be  correct,  that  tlie  liver  contains  a 
peculiar  principle,  slightly  Boluble  in  water  and  capable 
of  transfomiation  into  sugar.  We  have  given  rather  a  de- 
tailed account  of  this  observatioUj  because  some  authors 
liave  attributed  the  discovery  of  the  glycogenic  matter  to 
Henden.  Hensen  confirmed  Bernard's  observations,  in  1S56, 
and  described  the  in&oluble  substance  rather  more  fully/ 
In  1857,  Bernard  studied  the  mechanism  of  the  glycogenic 
function  more  closely,  and  completed  his  description  of  the 
glycogenic  matter/ 

Glycogenic  Matter  (Cj,n„0,,)* — In  its  composition,  re- 
actions, and  particularly  in  the  facility  with  which  it  under- 
goes transformation  into  sugar,  glycogenic  matter  hears  a 
wery  close  resemblance  to  starch.  It  is  described  by  Pavy 
under  the  name  of  amyloid  matter,'  a  name  which  is  applied 
to  it,  also,  by  Rouget.*  It  is  insoluble  in  water,  and,  by  vir- 
tue of  this  property,  may  be  extracted  from  the  liver  after 
the  sugar  has  been  washed  out.  The  following  is  the  method 
for  lis  extraction  proposed  by  Bernard ;  * 

The  liver  of  a  small  and  yuung  animal,  like  the  rabbit, 
in  full  digestion,  presents  the  most  favorable  conditions  for 
the  extraction  of  the  glycogenic  matter.  The  liver  is  taken 
from  the  animal  immediately  after  it  is  killed,  is  cut  into 
thin  slices,  and  thrown  into  boiling  water.  When  the  tissue 
is  hardened^  it  is  removed  and  ground  into  a  pulp  in  a  mor- 
tar.    It  is  then  boiled  a  second  time  in  the  water  of  the 

'  HssctEXf  (Teber  die  Zuthrrbildmig  tm  thwrUthtn  Of^jfomAmui.— SGHMiST^a 
J^krhAdker^  Lt^ptAg^  18fi7,  Bd  xcui.,  S.  15  ;  taken  from  Verhmdttm^m  der  pky^* 
mml  Qm,  m  Wurth,,  1S56»  Bd,  yvl,  8L  219. 

*  BnsAJio^  B*i^r  U  mkhanimne  phjfmoh^igtte  d«  la  fermatiim  At  mierv  dans  k 
/fi^^Omptm  refJm,  Pmrin,  1857,  tome  xUt.,  p.  57^ 

■  FATTf  Jimarcket  <m  the  ^atur^  and  Trmimeni  of  IHabet^t^  Loadoti,  1868, 

*  Boco^,  i^  mbtiamtti  amyUridm  /  da  Uur  rMe  dan$  h  eomtifutij>n  den  Htm 
iM  dm  mmmma^-^Jhurmd  dt  la  pHfmoi^gU^  Paris,  I860,  tome  ii.,  pp.  8$,  aOS. 

Hi  Hw  ^ycogenlc  malterf  or  anim«1  etarch^  zounyUiid. 
'  fiCBVAlU,  X*^idSat  dif  tttrganUtYU^  PAns^  ISkiD^  toiuc  ii.,  p.  119. 
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first  decoction,  gtrained  through  a  cloth,  and  the  opaline  liquid 

which  pasBes  throngh  is  made  into 
a  thin  paste  with  aoiinal  charcoal. 
'  The  paste  is  then  put  into  a  dis- 
placement apparatus,  the  end  of 
which  is  loosely  tilled  with  shreds 
of  moistened  cotton.  Br  success- 
ive washings,  the  paste  is  ex- 
hausted of  its  glycogenic  matter, 
leaving  behind  the  albuminoid 
and  coloring  matters.  The  whit- 
ish liquid,  as  it  flows,  is  received 
into  a  vessel  of  absolute  alcohol, 
when,  as  each  drop  falls,  the  gly- 
cogenic matter  is  precipitated  in 
great,  white  flakes.  This  is  fil- 
tered and  dried  rapidly  in  a  cur- 
rent of  air.  If  the  alcohol  be 
not  allowed  to  become  too  dilute, 
the  matter  when  dried  is  white 
and  easily  pulverized.  The  ap- 
paratus used  by  Bernard  h  repre- 
sented in  Fig,  13 ;  A  B,  displace- 
ment apparatus  in  which  the 
filtration  takes  place;  C,  animal 
charcoal  mixed  with  the  decoction 
of  the  liver ;  E,  glycogenic  solu- 
tion ;  M,  lamp-wicking,  attached 
to  a  thread,  passing  through  the 
carbon,  and  coming  out  at  the 
upper  part  of  the  apparatus;  I, 
precipitating-glass ;  G,  glye<^nic 
matter  precipitated  ;  V,  alcohol.' 
The  substance  thus  obtained  may 
be  held  in  suspeasion  in  water, 
giving  to  the   Kquid   a   strongly 

'  Bernard,  op,  ciL^  p,  120. 
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Opaline  appearance.  It  k  neutral,  witbout  odor  or  taete, 
and  presents  nothing  characteristic  under  the  microscope.  It 
Twcts  strongly  with  iodine,  which  produces  a  dark-violet  or 
chestnut-brown  color,  but  rarely  a  well-marked  blue.  It 
preseuta  none  of  the  reactions  of  sugar,  and  is  entirely  in- 
Bolable  in  alcohol/  It  is  changed  into  sugar  by  boiling  for 
a  long  time  with  dilute  acids,  and  this  conversion  is  rapidly 
effected  by  the  salira,  the  pancreatic  juice,  and  a  peculiar 
ferment  found  in  the  substance  of  the  liver.  Prepared  in 
le  way  above  indicated,  and  pulverized,  it  may  be  preserved 

an  indefinite  period. 

The  peculiar  reaction  of  the  glycogenic  matter  with 
iodine  has  led  to  its  recognition  in  the  substance  of  the  liver- 
Cdls  and  in  some  other  situations.  Schiff  found  in  the 
Kfep-cells  minute  granulations,  which  presented  the  peculiar 
color  on  the  addition  of  iodine,  characteristic  of  glycogenic 
matter.*    Bernard^  a  few  years  after  his  discovery  of  this 

inciple  in  the  liver,  recognized  it  in  cells  attached  to  the 
inta*    He  believes  that  these  cells  produce  sugar  during 

early  period  of  fostal  life,  before  the  liver  takes  on  this 
fonction,  and  that  they  disappear  during  the  later  months,  as 
tli€  liver  becomes  fiilly  developed.* 

Since  the  discovery  of  the  glycogenic  function  of  the 
%  anatomists  have  found  amyloid  corpuscles  in  various 
the  tissues  of  the  body.     We  do  not  propose,  however,  to 

m&  this  question  in  all  its  bearings,  but  only  to  consider 
tile  known  relations  of  the  amyloid  substances  found  in  the 
body  to  the  formation  of  sugar. 

In  the  first  place,  there  can  be  no  doubt  of  the  fact^  that 
tbe  liver  of  a  carnivorous  animal  tliat  has  been  fed  exclu- 
sively on  meat  contains  an  amyloid  substance  readily  con- 

'  Bojt AftD,  Lffom  Mur  la  phyttolo^  et  ia  paihokffU  dit  ^kHhu  m/trvfuat^  Pmib, 
iSH  kme  L,  p.  470. 

*  ScBtrr^  Ih  la  nature  efw  granulations  qui  rmiplmeni  l«s  eeUulet  hipatiquti: 
^^•iw  tmrnak. — Cmnjpim  rcndwt^  Paris,  1869,  tome  xWiVu,  p.  880. 

*  Beritajiii,  8ur  un€  nmtrtlte  fondion  du  placeniu, — Joumai  df  h  phyn^lo^e^ 
J*«^,  1850,  tome  it,  p.  81,  et  seq. 
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vertible  into  sugar.  The  experiments  of  Bemardj  of  Pftvy, 
and  all,  indeed^  agree  upon  this  point.  The  question  of  the 
existence  of  the  Barae  amyloid  matter  in  other  tissues  and 
organs  is  only  pertinent  in  so  far  m  it  bears  upon  the  pro- 
duction of  sugar  or  upon  the  to miat ion  of  the  glycogenic 
matter  in  the  liver*  In  no  tissue  or  organ  in  the  adult  has 
it  been  demonstrated  that  there  is  any  formation  of  sugar, 
except  the  ordinary  transformation  of  starch  into  sngar  im ' 
the  process  of  digestion ;  but  it  has  been  claimed  that  amy- 
loid matter  is  contained  in  the  flesh  of  herbivoroua  animals, 
and  is  taken  up  by  the  carnivora  and  deposited  in  the  liver, 
M.  Sanson  has  made  two  elaborate  communications  on  this 
subject,  and  concludes,  from  his  own  experiments,  that  the 
liver  has  no  glycogenic  function/  These  experiments  were 
repeated  by  M.  Sanson  in  the  presence  of  a  commission  from 
the  French  Academy  of  Medicine,  composed  of  iTM.  Bouley, 
Poggiale,  and  Longet,  and  were  reported  upon  to  the  Acad- 
emy. The  conclusions  of  the  commission  were  unreservedly 
in  favor  of  the  glycogenic  function  of  the  liver ;  and  out  of 
a  gi*eat  number  of  observations,  in  only  one  was  any  amyloid 
matter  discovered  in  butcher's  meat/  It  was  found  normally 
in  horso'flesh,  and,  as  subsequent  experiments  showed,  could 
be  produced  in  the  muscular  tissue  of  various  of  the  lier- 
bivora,  by  feeding  them  upon  ceitain  articles,  particularly 
oats  and  barley/ 

If  the  liver  taken  from  an  animal  freshly  killed  be  simpJy 
kept  at  about  the  temperature  of  the  body,  after  it  has  been 
drained  of  blood,  or  even  after  it  has  been  washed  through 
the  vessels,  sugar  will  be  rapidly  formed  in  its  substance. 

*  Sakbon,  Hi  tifriffiM  du  mtere  dant  rSeonomie  mmmaU, — JQmrvM?  dt  la 
pAytiVo^V,  Paris^  1858,  tome  i.,  p.  244,  el  i«^.,  And  8ur  Vextsten^  dt  la  m^iHn 
ff^fBOff^  dam  tout  Im  cr^anm  dea  herbivorm  tt  tur  Vinjimme  de  raHtnetUoHon  9nr 
laproduditm  de  ^dk  tubataMee,^-Joumal  de  la  jjh^/MoffU^  Parls^  1669,  tome  tt.» 
p.  104,  ei»eq, 

*  FoiiaixLC,  Snr  la  formation  de  la  matUre^ijfeoffhu  dane  tkwwmk  tsntmak."^ 
Journal  dt  la  phifnoloffie^  Paria^  1858,  tome  I,  p.  649,  d  9eq, 

*  Beknaju)^  Li^uidee  de  l^or^anwnt^  Farii^  1S&9|  tooifiii,  p.  Ill 
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Tliifi  must  be  due  to  some  ferment  remaining  in  the  tissue ; 
and  Bernard  has,  indeed,  been  able  to  isolate  a  principle 
«^liiclj  exerts  this  inflnence  in  a  marked  degree*  If  an 
oimlirie  decoction  of  the  liver  be  allowed  to  stand  until  it  has 
become  entirely  clear,  showing  that  all  the  glycogenic  mat- 
ter hfts  been  transformetl  into  sugar,  and  alcohol  be  added 
U|the  liquid,  the  hepatic  ferment  will  l^e  precipitated.  This 
^nr  be  redi^olved  in  water,  and  it  effects  the  transforma- 
^Bi  of  gtarch  into  sugar  with  great  rapidity.' 
^BFrom  these  facts  it  is  pretty  conclusively  shown  that  the 
following  is  the  mechanism  of  the  production  of  sugar  in  the 
liver: 

The  liver  first  produces  a  peculiar  principle,  analogous 

to  starch  in  its  composition  and  in  many  of  it«  properties, 

though  it  contains  two  atoms  more  of  water,  out  of  which 

the  jugar  is  to  be  foriDed.     The  name,  glycogenic  matter, 

may  properly  be  applied  to  this  substance.    It  is,  as  far  as  la 

known,  produced  in  all  classes  of  animals,  camivora  and 

herWvora;  and  though  its  quantity  may  be  modified  by  the 

land  of  food,  its  formation  is  essentially  independent  of  the 

s^entary  principles  absorbed. 

f       The  glycogenic  matter  is  not  taken  up  by  the  blood  as 

LjtpMees  through  the  liver,  but  is  gradually  transformed,  in 

^B  substance  of  the  liver,  into  sugar,  which  is  washed  out  of 

fffe  organ  as  fast  as  it  is  produced.     Thus  the  blood  of  the 

^tepatlc  veins   always  contains  sugar,  though  sugar  is  not 

■ 

^V  Variations  in  the  Olycogenic  Function. 

^m    hi  following  out  the  relations  of  the  glycogenic  process 

I     to  the  various  animal  functions,  Bernard  studied  very  closely 

^^  variations  at  different  periods  of  life,  with  digestion,  the 

J^uence  of  the  nervous  system,  and  other  modifying  condi- 

He  made  some  of  his  observations  by  examining  the 


ptained  in  the  substance  of  the  liver  during  life. 
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blood  in  living  animale,  and  otliere,  bj  estimatiog  the  pj 
portion  of  sugar  in  the  liver.     The  latter  method  must 
considered,  with  an  appreciation  of  the  fact  that  the  liv 
does  not  normally  contain  sugar  during  life ;  but  it 
Bents,  to  a  certain  estent,  the  actiyitj  of  the  gljoogem^i 
function*     Still,  the  facts  arrived  at  in  this  way  must  bftl 
taken  with  a  certain  degree  of  caution. 

Glycoffene^U  in  the  Fodu^, — In  the  early  months  of  fotal 
existence,  many  of  the  ti^ues  and  fluids  of  the  body  were  I 
tuund  by  Beniard  to  be  strongly  saccharine ;  but  at  thii  | 
time  no  sugar  is  to  be  found  in  the  liver.     Taking  the  ob- 
servations upon  fcetal  calves  as  the  criterion,  sugar  does  not 
appear  in  the  liver  until  toward  the  fourth  or  fifth  month  of 
intra-iiterine  life.*     Before  this  period,  however,  epilheliJ 
cells  tilled  with  glycogenic  matter  are  found  in  the  placenta, 
and  these  produce  sugar  until  the  liver  takes  on  its  functions. 
As  the  result  of  numerous  oliservations  by  Beroard  upon 
fix^tal  calves,  this  function  of  the  placenta  appears  veiy  early 
in  fietal  Hfe^  and,  at  the  third  or  fourth  month,  has  attaiDfiij 
its  maximum.     At  about  this  time,  when  glycogenic  matte 
begins  to  appear  in  the  liver,  the  glycogenic  organs  of  I 
placenta  become  atrophied,  and  ai'e  lost  some  time  befof 
birth.* 


Influence  of  Diffestum^  a/nd  of  DifererU  KmcU  qf  Foi 

~Acti\^ty  of  the  digestive  organs  has  a  marked  influenccT 
upon  the  production  of  sugar  in  the  liver.     In  a  fasting  ani' 
mal,  sugar  is  always  found  in  the  blood  of  tite  hepatic  veins 
and  in  the  vessels  between  the  liver  and  the  heart,  but 

*  BsufAADf  Lefons  de  pfi^fMot^  expermientaf^^  Pjiria,  1856,  p,  8SL 
'  BiRJiARD,  SuT  a  tie  nouimUe  /onction  du  placenta. — Journal  de  la 
FanJ,  1851^»  tome  ii.»  p.  83^    Bernard  foimd  glycogenic  m&tter  in  U«?  pUo 
of  aniniAls  in  winch  the  organ  wns  single,  m  id  the  humjui  subject ;  but  to  i 
nt&lB  with  multiple  placentA  be  did  not  at  first  discover  the  glyeog^c 
which  he  subBequeutly  found,  not  in  the  vascular  portion,  but  attached  lo 
omiiioiL 
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06Ter  passes  the  lungs,  and  does  not  exist  in  the  arterial 
lystem.  During  digestion,  however,  even  when  the  diet  is 
fintfpely  nitrogenized,  the  production  of  sugar  is  so  mnch 

icrea^ed  that  a  small  quantity  frequently  escapes  decompo- 
ition  in  the  lungs,  and  passes  into  the  arterial  blood/  Un- 
these  conditions,  the  quantity  in  the  arterial  blood  is 
sometimes  so  large  that  a  trace  may  appear  in  the  urincj  as 
a  temporary  and  exceptional,  but  not  an  abnormal  condition, 
Tim  physiological  fact  is  well  illustrated  in  certain  cases  of 
diabetes.  There  are  instances,  indeed,  in  which  the  sugar 
appears  in  the  urine  only  during  digestion ; '  and  in  almost 
H]  cases,  the  quantity  of  sugar  eliminated  is  largely  increased 
after  eating.  Pavy  men ti ana  a  very  striking  instance  of  this 
kind,  in  which  the  examinations  of  the  urine  were  made 
with  great  care.* 

The  influence  of  the  kind  of  food  upon  the  glycogenic 
fcmctiou  is  a  question  of  great  pathological  as  well  as  physi* 
dogical  importance.  It  is  well  known  to  pathologists  that 
oertaiii  cafies  of  diabetes  are  relieved  when  the  patient  is 
confined  strictly  to  a  diet  containing  neither  saccharine  nor 
amylaceous  principles,*  and  that,  almost  alwaj^,  the  quantity 
of  engar  discharged  is  very  much  diminished  by  such  a  course 
of  treatment ;  but  there  are  instances  in  which  the  discharge 
of  sugar  continues,  in  spite  of  the  most  carefuUy-regulated 
Bernard  does  not  recognize  fully  the  influence  of  dif- 

!nt  kinds  of  food  upon  glycogenesis,  and  his  experiments 

tliis  point  are  wanting  in  accuracy,  from  the  fact  that  the 
pnjportion  of  sugar  in  the  liver  is  given,  without  indicating 
at  what  period  after  death  the  examinations  were  made.  In 
the  observations  on  this  point  by  Pavy,  the  examinations  of 

t  BnuTAAP^  ZeponM  de phytkloffie  expirimmtaf^^  Pkrifl,  1855,  p.  Ill, 
^BnufAAO,  op;  c^f  p.  1X4, 

•  PAfY,  Jieuaarehet  on  the  Naiure  and  TredtmetU  of  Diabttet^  London,  1862, 
p.  142. 

*  Serena  tcfj  striking  exampleB  of  thU  kind  ar«  giren  by  PftTf  {op,  cii,^  p. 
107> 
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the  liver  were  made  immediately  after  death,  and  the  pro- 
portion of  glycogenic  matter,  not  stigar,  was  estimated.  His 
reaults  are,  consequently,  much  more  reliable  and  satisfac- 
tory. In  a  number  of  analyses  of  the  livers  of  dogs  confined 
to  different  articles  of  diet,  Pavy  fomid  a  little  over  seven 
per  cent*  of  glycogenic  matter,  npon  a  diet  of  animal  food ; 
over  seventeen  per  cent.,  upon  a  diet  of  vegetable  food ;  and 
fourteen  and  a  half  per  cent*,  upon  a  diet  of  animal  food  and 
sugar.*  Tliese  results  have  been  confirmed  by  M'Donnell, 
who,  in  addition,  lonod  that  hardly  a  trace  of  amyloid  sub- 
stance could  be  detected  in  the  liver  on  a  diet  of  fat,  and 
none  whatever  npon  a  diet  of  gelatine.*  Bernard  had  al- 
ready obsen^ed  that  the  amount  of  sugar  produced  by  the 
liver  on  a  diet  of  fat  was  the  same  as  during  total  abstinence 
from  food/  These  facts  are  entirely  in  accordance  with  ob- 
servations upon  the  effects  of  different  kinds  of  food  in  dia- 
betes, and  they  have  an  important  bearing  upon  the  dietetic 
measures  to  be  employed  in  this  disease. 

The  eflect  of  entire  deprivation  of  food  is  to  arrest  the 
production  of  sugar  in  the  liver,  three  or  four  days  before 
death/  This  arrest  of  the  glycogenic  function  baa  generally 
been  observed  in  cases  of  disease,  except  when  death  has 
occurred  suddenly. 


Influence  of  the  Kerixms  System,  etc*  —  Bernard  has 
studied  the  influence  of  the  nervous  system  upon  the  pro- 
duction of  sugar  more  satisfactorily  than  any  other  of  the 
variations  of  the  glycogenic  function,  for  the  reason  that  he 
has  noted  these  modilications  by  detei-mining  the  sugar  in 
the  blood  and  the  urine.  Some  of  the  points  with  regard 
to  the  nervous  system  we  will  consider  again  in  another  vol- 
ume ;  and  it  is  suflicient,  in  this  connection,  to  mention  tlie 

»  Patt,  op.  dl,,  p.  83»  €<  Hq. 

*  M'DoNNiaL,  0b9erv<jti(mi  on  (he  FuneUonM  of  iht  Livfr^  Publm,  1866,  ps  14 
'  BERfiAitDi  Lemons  dephi^oto^  aphimmtaU^  Farig,  1855,  p.  137, 

•  BeieiAM>,  op.  cit^  p,  129, 
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™ii  results  of  some  of  the  most  striking  of  the  experiments 

on  tliia  subject. 

The  most  remarkable  experiment  upon 

tte  influence  of  the  nervous  system  on  the 

Um  is  the  one  in  which  artificial  diabetes 
is  pro<hiced  by  irritation  of  the  floor  of  the 
fourth  ventricle.    This  operation  is  not  diffi- 
cult, and  is  one  that  we  have  often  repeated. 
The  instrument  used  is  a  delicate  stilet,  with 
a  flat  cutting  extremity,  and  a  small  project- 
ing point,  about  ^  of  an  inch  long.*    In  per- 
forming the  operation   upon  a  rabbit,  the 
head  of  the  animal  is  firmly  held  in  the  left 
hand,  and   the    skull   is  penetrated  in   the 
median  line,  just  behind  the  superior  occipi- 
tal protuberance.     Tliis  can  easily  be  done 
by  a  few  lateral  movements  of  the  instrument. 
Once  witJiin  the  cranium,  the  instrument  is 
pagged  obliquely  downward"  and  forward,  so 
Iks  to  cross  an  imaginary  line  between  the 
two  auditory  canals,  until  its  point  reaches 
tie  basilar  process  of  the  occipital  bone,    The 
point  then  penetrates  the  medulla  oblongata, 
o^een  the  roots  of  the  auditory  nerves  and 
"le  pneumogastricB,  and^  by  its  projection, 
^rves  to  protect  the  nervous  centre  from 
^oro  serious  injury  from  the  cutting  edge. 
^^^  Instrument  is  then  carefully  withdra^vn, 
*iidthe  operation  is  completed/     This  ex-    rndnTrhi?  TjoS^^fJ^f 

n«»^         X  •       1  .         -    1  1  *^  •  X    J         thi*  fourth  ventricle 

P^nment  is  almost  painless,  and  it  is  not  de-  (BKaN4iii»,  zefons 
^''^nle  to  administer  an  ansestnetic,  as  this,  pfrimmtau,  p»rii, 
*«  itaelf,  would  disturb  the  ejlvcogenic  pro* 


The  urine  may  be  drawn  before  the  operation,  by 
P^^ssing  the  lower  part  of  the  abdomen,  taking  care  not  to 

^ei«  lOAtmiDentfl  bare  been  made  bj  Messrs.  TSeniAnn  k  Co.,  of  this  clij, 
^taiURD,  Zepom  de  phi/nohffie  esph-imeniale^  PaiiB,  1855,  p*  291,  gt  fey» 
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aUow  tlie  bladder  to  paas  up  above  the  point  of  preeBure^ 
and  it  will  be  found  tnrbid,  alkaline,  and  without  Bugar.  In 
one  or  two  hours  after  the  operation,  the  urine  will  have  h&* 
come  clear,  acid,  and  will  react  readily  with  any  of  the^ 
copper-tests*  When  this  operation  is  pOTformed  without  in- 
juring the  adjacent  organs,  the  presence  of  sugar  in  the 
urine  is  only  temporary,  and  the  next  day,  the  secretion 

Fm.14. 
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Section  of  thf  hend  of  a  mhblt,  ^hoirln^  the  oppmtioa  of  pancturtng  the  floor  of  tii« 
fourth  ventricle,  o,  cerebellam ;  &»  adgln  of  the  syvcuith  pair  of  uerres ;  ^  ndml 
cord  ;  rf.  orlpln  of  tht-  pDeDmog&Btric;  e.  opeaLag  of  entrance  of  the  Inttnune&t  iitto 
the  cranium;/,  inetramoot;  ff,  fifth  pair  of  nfirrea ;  A.  andUonr  caoali  1  extnfDlty 
of  th<>  Inetnimcot  on  th«  spinal  cord  after  baTipg  pieuetrated  ibe  cer«bellitm;  k,  oo- 
cipital  Tenons  vinue ;  /.  tnhercnlA  qtukdrii^mlna ;  m,  cerebrum ;  n,  eectloo  of  tlie  atlia. 
— (Bekkabd,  Le^OMfUphyHotogie  exper^n^nUde^  Pari«,  18M,  p.  «98.J 

will  have  returned  to  its  normal  condition.  It  is  best,  in 
performing  this  experiment,  to  operate  on  an  animal  in  full 
digestion,  when  the  production  of  sugar  is  at  its  maximum. 
The  pmduetton  of  diabetes  in  this  way,  in  animals,  is 
exceedingly  interesting  in  its  relations  to  certain  caseft  of  the 
disease  in  the  human  subject,  in  which  the  affection  is  trau- 
matic, and  directly  attributable  to  injury  near  the  medulla. 
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Its  mechanism  it  is  difficult  to  explain.     The  irritation  is 
aot  propagated  through  the  pnemnogaBtric  neryes,  for  the 
eiperiment  succeeds  after  both  of  these  nerves  have  been 
divided;*   but  the  influence  of  the  pneumogastrics  upon 
glycogenesia  is  carious  and  interesting.    If  both  of  these 
nenres  be  divided  in  the  neck,  in  a  few  hours  or  days,  de- 
landing  upon  the  length  of  time  that  the  animal  Burvives 
the  operation,  no  sugar  is  to  be  found  in  the  liver,  and  there 
i*  reason  to  believe  that  the  glycogenic  function  is  arrested. 
After  division  of  the  nerves  in  this  situationj  galvanization 
of  their  peripheral  ends  does  not  affect  the  production  of 
sugar ;  but,  by  galvanization  of  the  central  ends,  an  impres- 
flion  is  conveyed  to  the  nervous  centre,  which  is  reflected  to 
the  liver,  and  produces  a  hypersecretion  of  sugar,'     These 
Questions  will  be  referred  to  again,  in  connection  with  the 
pUygiology  of  the  nervous  system. 

With  regard  to  the  influence  of  the  sympathetic  system 
upon  the  glycogenic  function,  there  have  been  few  experi- 
ttients  which  lead  to  conclusiona  of  any  great  value.  Pavy 
found  that  division  of  the  sympathetic  filaments  accompany- 
iiig  the  vertebral  arteries  produced  diabetes,  but  the  opera- 
tion was  complicated  by  lesions  of  the  vessels,  which  ren- 
dered the  results  somewhat  Mnsatisfactory/ 

It  has  been  observed  that  the  inhalation  of  ansesthetics 
^^xd,  irritating  vapors  produces  temporary  diabetes ;  *  and 
tlxis  has  been  attributed  to  the  irritation  conveyed  by  the 
pHemnogastrics  to  the  nerve-centre,  and  reflected,  in  the 
*<*nu  of  a  stimulus,  to  the  liver.  It  is  for  this  reason  that 
'^^  sliaidd  avoid  the  administration  of  antestheticB  in  all  ac- 
^^^^^te  experiments  on  the  glycogenic  function.  In  illustra- 
^*^cn  of  this  fact,  Pavy  has  collected  twenty  cases,  in  which 

*  BnutAKD^  loe,  eit.^  p.  .317. 

^BuuiAiu>,  op.  eit.,  p,  324.  Il  has  been  obserred  bj  Benuird  tbai  diTbion 
^*^  til*  fiQeumogaBtriea  in  the  che«t,  between  tlie  lungs  and  ihe  lirer,  does  not 
•^«ct  Hie  production  of  sugar  (p,  828). 

'  Paty^  op.  eitj  p,  87,  ^  aeq. 


'  BcKKAJto,  ctp.  o/.y  p.  327* 
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chloroform  was  adminktered  in  the  hiiman  subject  for  8urgi» 
cal  operations,  in  all  of  which  tlie  passage  of  a  small  qoan* 
tity  of  sugar  in  the  urine  was  noted/ 

Destination  of  Sugar, — Although  sugar  is  constantly 
produced  bj  the  liver  and  taken  up  by  the  circulation,  it  is  ex- 
ceptional to  find  it  in  the  blood  after  it  has  passed  through 
the  lungs.  It  is  difficult  to  ascertain  the  precise  mode  of  ita 
destruction  in  the  lungs,  and,  indeed,  the  nutritive  function  ^ 
of  sugar  in  the  economy  is  not  thoroughly  understood.  All 
that  we  can  say  of  the  destination  of  liver-sugar  is,  that  it 
probably  has  the  same  office  in  nutrition  as  the  sugar  taken 
as  food  and  that  resulting  froni  the  digestion  of  araylaceoua 
matters*  Tlie  facts  bearing  upon  this  question  will  be  re- 
viewed under  the  head  of  nutrition. 


Allied  Production  of  Fa^  ly  the  Liver, — It  is  stated ' 
by  Bernard,  that  in  animals  fed  largely  with  saccharine  and 
amylaceom  principles,  the  blood  of  the  hepatic  veins  con* 
tains  an  emulsive  matter,  which  seems  to  be  fat  combined 
with  a  proteine  substance.  In  support  of  the  opinion  that 
fat  is  thus  produced  in  the  liver,  he  brings  forward  that  well* 
known  fact,  that  a  diet  of  starch  and  sugar  is  particularly 
favorable  to  the  development  of  adipose  tissue.*  But  the 
examinations  of  the  matter  supposed  to  be  fatty  have  not 
been  sufficiently  minute  to  lead  to  any  positive  conclusions 
with  regard  to  it^  character  or  composition.  Kouget  states, 
unreservedlyj  that  this  substance  is  simply  glycogenic  or 
amyloid  matter."  While  there  can  be  no  doubt  of  the  formar 
tion  of  fat  in  the  organism  independently  of  the  fat  taken 
as  food,  there  is  not  sufficient  ground  for  regarding  the  liver 
aa  one  of  the  oi^ans  specially  concerned  in  its  production* 

>  Op.  ctY.,  p.  80. 

*  BiiBLXARD,  Lepmt  d«  phyiioioffie  e^Mmmtak,  Fftris,  1855,  p,  IM. 
'  RonaKT,  I}tt  mtbitancet  amyloide$.^^omrhal  de  la  jahyMoffie,  P&ria,  IW, 
tome  iL)  p.  S24, 
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Changes  in  the  AKnifninoid  and  the  Corpuscfular  Eh- 
tnmU  of  the  Blood  inpaadnff  through  the  Ziver. — In  verify- 
ing the  observatioDS  of  Bernard  iipiin  the  presence  of  BUgar 
b  tiie  blood  of  the  hepatic  veins^  lebniami  wag  led  to  obBerre 
other  difFerences  in  the  coTupo&ition  of  the  blood   from 
these  yeseels,  as  compared  with  the  portal  blood  and  the 
bioodof  the  arterial  system.     One  of  the  most  important  of 
these  was  the  absence  of  fibrin.     While  the  portal  blood  co- 
agulates strongly,  like  blood  from  any  other  part  of  the  body, 
the  blood  of  the  hepatic  veins  does  not  coag^ate,  and  "  the 
fibrin  m  either  entirely  absent,  or  is  present  in  mere  traces,"  * 
rhis  obeervation  has  been  confirmed  by  Brown-Sequard,* 
*nd,  later,  by  McDonnell j  who  describea  a  peculiar  caseons 
Diatter  as  existing  specially  in  the  blocMi  of  the  hepatic 
^ins/    Lehmann  also  noted  that  the  proportion  of  serum 
to  corpuscles  was  mnch  less  in  the  hepatic  than  in  the  por- 
tal blood.     The  serum  from  the  hepatic  veins  was  found  to 
present  a  diminution  in  albumen,  amounting  to  fully  one- 
third. 

Some  very  cnriotts  observations  were  also  made  by  Leh- 
laaim  upon  the  blood-corpuscles  in  the  hepatic  vessels.  H© 
eetiinated  that  the  proportion  of  white  corpuscles  in  the 
Wood  of  the  hepatic  veins  was  at  least  fivefold  the  propor- 
^OB  in  the  portal  blood.  He  also  noted  certain  differences 
in  the  appearance  of  the  red  corpuscles,  whicli  he  exjdained 
hjr  the  supposition  that  the  liver  was  the  seat  of  development 
**f  these  elements,  which  were  formed  from  the  white  cor- 
P**8cIeB,  and  that  the  blood  of  the  hepatic  veins  contained  a 

'  LimcA^,  r^fdatofficai  Chrnmatry^  PhUadeJphia,  1865,  toI.  i.,  p,  489.    Ser- 
^^  fmn  before,  Simon  obseired  that  ibrln  wtu  gepamted  with  difficulty  from 
^  blood  of  the  hepatio  Yeina^  and  was  not  to  be  found  in  the  blood  of  the 
^^'"^  TCtiu  (Simon,  Animal  ChxmUtry,  Philadelphia,  1846,  pp.  IH,  178)* 

*  Biown-SiqUARO,  8ur  dea  /aiit  qui  aembleni  montrer  que  plusintn  kilih 
y^^iiMt  dt  JSirin^  m  formmU  ei  te  tram/orment^  thaqut  jcur  dans  U  corp§  d§ 
^^^>mm,    Imrnat  dt  la  ph^otofftf,  Paris,  1858,  tome  L,  p.  800. 

•  ITDasinix,  Ob^inssiioru  on  the  FtmdimM  of  iht  Liver^  Dublbi,  1865, 
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greater  number  of  ^^  newly-formed  or  rejuyeneso^it  blood- 
corpuBcles.^^  * 

It  is  not  our  purpose,  in  this  connection,  to  discnsB  the 
development  of  the  corpuscular  elements  of  the  blood;  but 
it  is  interesting  to  note  the  above-mentioned  changes  in  the 
blood  as  it  passes  through  the  liver.  The  physiological  sig- 
nificance of  the  destruction  of  fibrin  and  albumen  is  not  un- 
derstood, although  the  fact  is  undoubted. 

1  Op.  oit,  pp.  49S,  499. 
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hh  office  of  Ihe  dactleas  g1and& — Anatomj  of  thegpleeo — llbrouB  itrao- 
turc  of  the  spleea  (trabeculw) — Malpighiiui  bodle^^-SplecB-pulp— Yei^Bels 
ind  nerves  of  the  spleen — Some  poiote  in  the  chemical  coDstitutioQ  of  the 
ipleen — St&te  of  onr  knowledge  eonceming  the  functions  of  the  aplt^en— 
TArUtioiu  in  the  Tolume  of  the  epieen  during  lil'e — Extirpation  of  the 
spieeo — Anatomy  of  the  Buprareaal  capsules — trortical  eubstance ^Medul- 
lary subfltance — Yeasela  and  nerves — Chemical  reactions  of  the  aupmrenal 
capenlea — State  of  our  knowledge  concerning  the  functions  of  the  Bupra* 
renal  capsttles — Eitirpation  of  the  supmrenal  capsules — Addison- 0  disease 
— >Anatomj  of  the  thyroid  ghmd — State  of  our  knowledge  oonoernlng  the 
fimctions  of  the  thyroid  ghind — Anatomy  of  the  thymue— Pituitary  body 
tDd  pineal  gland. 

Cektaik  organs  in  the  body,  with  a  structure  reaem- 
hling^  in  some  regards,  the  true  glandSj  but  without  excre- 
^fj  ducts,  have  long  been  the  subject  of  phyQiological  spec- 
nation  ;  and  the  most  extravagant  notions  concerning  their 
"iiictions  have  prevailed  in  the  early  history  of  the  science. 
[Rie  cliacovery  of  those  functions  of  the  liver  which  consist 
]^  modifications  in  the  composition  of  the  blood  dimly 
^iidicated  the  probable  office  of  the  ductless  glands ;  for,  as 
^^  as  the  production  of  sugar  is  concerned,  the  liver  belongs 
*^  this  clasa.  Indeed,  the  supposition  that  the  ductless  glands 
effect  some  change  in  the  blood  is  now  regarded  by  physiol- 
^pBts  as  the  most  reasonable  of  the  many  theories  that  have 
"^n  entertained  concerning  their  office  in  the  economy; 
^^d  this  view  is  adopted  by  those,  even,  who  do  not  admit 
^^existence  of  a  glycogenic  function  in  the  liver.     Under 
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tliis  idea,  these  organs  have  been  calletl  blood -glands 
cular  glands;  but  inasmncb  as  the  supposition  th 
parts  effect  changes  in  the  blood  or  lymph  is  merely  to  sup- 
ply the  want  of  any  definite  idea  of  their  function,  and  rest* 
mainly  npon  analogy  witli  certain  of  the  functions  of  the 
liver,  we  shall  retain  the  name,  ductless  glands,  as  indicating 
the  most  striking  of  tlieir  anatomical  pecnliarities. 

Ab  far  ag  presenting  any  definite  and  important  physio- 
logical information  is  concerned,  we  might  terminate  here 
the  history   of  the  dnctleas  glands.     It  is  tnie  that  the 
largest  of  them,  the   spleen,  has  been  extensively  experi- 
mented npon  by  the  earlier  physiologists ;  but  in  paint  of 
fact,  investigations  have  done  little  more  than  exhibit  a  wjint 
of  knowledge  of  the  functions  of  these  remarkable  organs; 
and  the  literature  of  the  subject  is  mainly  a  collectiott  of 
wild  speculations  and  iruitless  experiments.     There 
however,  some  interesting  experimental  facta  with  rektiol 
to  the  spleen  and  the  suprarenal  capsules;  though  they  i 
not  very  instructive,  except  that  they  indicate  the  extremelfl 
narrow  limits  of  our  positive  knowledge.     These  few  I 
with  a  sketch  of  the  anatomy  of  the  parts,  will  embraces 
that  we  shall  have  to  say  concerning  the  ductless  gtoli.  1 
Under  this  head  are  classed,  the  spleen,  suprarenal  capsule^i 
thyroid  glandj  thymus,  and  sometimes  the  pituitary  bodf^ 
and  the  pineal  gland.     These  parts  have  certain  anatomic! 
points  in  common  with  each  other,  but  on  account  of  oa 
want  of  knowledge  of  tlieir  functions,  it  is  difficult  to  disti 
guish,  as  we  have  done  in  other  organs,  their  physiologicJI 
anatomy. 

Anatomy  of  the  Spleen. 

The  spleen  is  found,  with  but  few  exceptions,  in  all  Te^ 
tebrate  animals,  but  does  not  exist  in  the  invertebrata.*   I' 

^  This  organ,  acoording  to  Van  der  Hoevea,  is  not  found  in  the  cfclMtdBMi 
and  the  lepido«ireii(^arMi5oo^  ef  Zoology^  Cambridge,  1858^  roL  iL,  p.  t9);  »xA 
Milne-Ed  wards  states  that  it  is  absent  &lso  in  the  amphioxtts  {Ltftmi  mf  ^ 
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u  fiituated  in  the  left  hypochondriac  region,  next  the  cardiac 
extremity  of  the  stomach.  Its  color  is  of  a  dark  hluish-red, 
and  its  comistence  is  rather  soft  and  triable.  It  is  shaped 
somewhat  like  the  tongue  of  a  dog,  presenting  above,  a 
rather  thickened  extremity,  which  is  in  relation  with  the 
diaphragm,  and  below,  a  pointed  extremity,  in  relation  with 
the  transverse  coloa.  Its  external  stirface  is  convex,  and  its 
internal  stirface  concave,  presenting  a  vertical  liBsnre,  the 
bHani^  giving  passage  to  the  vessels  and  nerves.  It  is  con- 
nected with  the  stomach  by  the  gastroHBplenic  omentum,  and 
U  still  farther  fixed  by  a  fold  of  the  peritoneum  passing  to 
the  diapliragai.  It  id  about  five  inches  in  length,  three  or 
four  inches  in  breadth,  and  a  little  more  tlian  an  inch  in 
thickness.  Its  weight  is  between  six  and  seven  onnces.  In 
the  adult  it  attains  its  maximum  of  development,  and 
diminishes  slightly  in  size  and  weight  in  old  age.  In  early 
life  it  bears  about  the  same  relation  to  the  weight  of  the 

ly  as  in  the  adult.*     It  is  frequently  hypertrophied  to  an 

»rmous  extent  in  disease,  weigliing  sometimes  a5  much 
as  twenty  pounds,* 

The  external  coat  of  the  spleen  is  the  peritoneum ;  which 
is  very  closely  adherent  to  the  subjacent  fibrous  strnc- 
tnre.  The  proper  coat  is  dense  and  resisting;  but  in  the 
hmnan  subject  is  quite  thin  and  somewhat  translucent.  It 
is  eamposed  of  inelastic  fibrous  tissue,  mixed  with  nuineroiis 
small  fibres  of  elastic  tissue  and  a  few  unstriped  muBCuIar 
fibfes. 

At  the  hilnm  the  fibrous  coat  penetrates  the  substance 
of  the  spleen  in  the  form  of  sheaths  for  the  vessels  and 
;  an  arrangement  entirely  analogous  to  the  fibrous 

Puna,   1862,   tomo  tII,  p.   235).     AccortJiDg  lo  6raT|  the  epleea 
;  exception  lo  aU  the  vertebrate  antmals  (  Structure  and  U§e  of  (he 
Londm,  1854,  p.  272  ). 

*  Mr,  Grm^,  in  his  eUborate  essay  on  the  spleen^  givee  a  very  extended  table 
i^  the  weight  of  this  orgin  at  different  periods  of  Ufe  (Stru^ure  and  £7W  of  th§ 

LoDdoo,  1864,  p.  7ft), 

•  OiAT,  Anaiomjf^  DacripUm  and  Awyittj/,  Philadelphia.  1862,  p.  ^85. 
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fiheatli  in  the  liver.   The  number  of  the  sheaths  in  the  sple 
is  equal  to  the  number  of  arteries  that  penetrate  the 
ThiB  is  Bometiines  called  the  capsule  of  Malpighi.*    The 
fibrtjus  elieaths  are  eh>sely  adherent  to  the   surroundu 
substance,  but  are  united  to  the  Tesaele  by  a  loose  fibr 
net-work.     They  follow  the  vessels  in  their  ramifications  i 
the  siuallest  branches,  and  are  lost  in  the  spleen-pulp, 
tween  the  sheath  and  the  outer  coat,  are  numerous  bands  ( 
trabeculfB  of  the  same  structure  as  the  fibrous  coat 
presence  of  elastic  fibres  in  these  structures  can  be 
demonstrated,  and  this  kind  of  tissue  is  very  abundant  m" 
the  herbivora.    In  the  caniivora  the  muscular  tijssue  is  par- 
ticularly abundant,  and  can  be  reailily  demonstrated;* 
in  man  this  is  not  so  easy^  and  the  fibres  are  less  nuu 
There  can  be  no  doubt,  however,  that  muscular  tissue  < 
in  the  human  subject  throughout  the  whole  extent  of  I 
fibrous  structure,  and  the  fibres  are  demonstrated  witli(M 
much  difficulty  in  the  trabeculse.' 

These  pecuharities  in  the  fibrous  structure  are  iraf 
in  their  relation  to  certain  physiological  changes  in  the  i 
of  the  spleen.  Its  contractility  can  be  easily  demons 
in  the  dog  by  the  application  of  a  galvanic  current  totifl 
nerves  as  they  enter  at  the  hilum.  This  is  followed  by  a 
prompt  and  energetic  contraction  of  the  oi^an,  Contwc* 
tions  may  be  produced,  though  they  are  much  more  foeUc, 
by  applying  the  current  directly  to  the  spleen/ 

The  substance  of  tlie  spleen  is  soft  and  friable ;  and  ^ 
portion  of  it,  the  spleon-pulp,  may  be  easily  pressed  outj 
even  washed  away  by  a  current  of  water.     Aside  from 
veasels  and  nerves,  it  presents  for  study:  1.  An  ar 

*  HAtriUHi,  De  Lim*^  Opera  OmniA^  Lugd,  Batav,,  168Y,  tomus  VL^  p.  i 

*  Kolllker  bas  domoastnited  the  presence  of  muBOular  fibres  in  eooflidoi 
numbera  in  the  dog,  pig,  a^B,  and  cat ;  but  they  were  not  discoTcred  lu  llkef 
bit,  horse,  ox,  hedgehog,  porpoise,  or  bat  (UoHdbmdk  der  GewtUUkr%  Idp 
UQl,  a  449). 

*  SuTirf  Traiti  tPanaicmie^  Paria,  1857,  tome  liL^  p.  32S. 

*  BiftHAUB,  Xtffoni  iur  ls9  tiquidea  de  roryanume,  Fftrii^  1659^  tome  li.,  p-  ^^ 
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ment  of  fibrous  bands,  or  trabeculje^  by  wbich  it  is  divided 
into  innumerable  communicating  cellular  interspaces,  2. 
Closed  vesicles  ( Malpigliian  bodies),  attached  to  the  walls 
of  the  blood'Vessels*  3.  A  soft,  reddish  substance,  contain- 
ing numerous  cells  and  free  nuclei,  called  the  spleen-pulp. 

Fibrmi0  Structure  of  th^  Sphen  [Traheculce). — From  the 
internal  face  of  the  investing  membrane  of  the  spleeUj  and 
from  the  fibrous  sheath  of  the  vessels  (capsule  of  Malpighi) 
are  numerous  bands,  or  trabecule,  which,  by  their  inter- 
lacement,  divide  the  substance  of  tlie  organ  into  irregularly- 
shaped,  oommumcating  cavities.  These  bands  are  from  ^ 
to  ^  of  an  inch  broad,  and  are  composed,  like  the  proper 
coat,  of  ordinary  fibrous  tissue  with  elastic  fibres  and  a  few 
smooth  muscular  fibres.  They  pass  off  from  the  capsule  of 
Malpighi  and  the  fibrous  coat  at  right  angles,  very  soon 
branch,  interlace,  and  unite  with  each  other,  becoming 
emaller  and  smaller,  until  they  measure  from  ^^  to  -^ 
of  an  inch/  The  smaller  bands  are  cylindrical,  and  it  is 
ia  these  that  the  muscular  tisane  can  be  demonstrated  with 
the  greatest  facility.  As  we  should  expect  from  the  very 
variable  size  of  the  trabeculas,  the  dimensions  as  well  as  the 
form  of  the  cavities  are  exceedingly  irregular.  This  fibrous 
net-work  serves  as  a  skeleton  or  a  support  for  the  softer  and 
more  delicate  parts. 

Maljpighicm  Bodm, — In  the  very  elaborate  work  on  the 
iploen,  by  Malpighi,  is  a  full  account  of  the  closed  follicles, 
which  have  since  been  called  the  Malpighian  bodies.'  They 
are  sometimes  called  the  splenic  corpuscles  or  glands.  They 
mre  in  the  form  of  rounded  or  slightly^ovoid  corpuscles,  about 
^  of  an  inch  in  diameter,  consisting  of  a  delicate  membrane, 
generally  homogeneous,  but  sometimes  faintly  striated,  with 
secnifluid  contents.    In  their  form,  size,  and  structure,  they 

>  Sifrcr,  TtaiU  d'tmatomit^  Pftris,  1867,  tome  Ul^  p.  S28. 

•  UALn^m,  Di  Zimu,  Opera  Omnia^  Liigd.  BftU7.,  10S7,  tomai  %  p.  800. 
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bear  a  close  resemblance  to  the  closed  follicles  of  the  small 
intestine.*  The  investing  membrane  has  no  epithelial  lining, 
and  the  contents  consist  of  an  albuminoid  liquid,  witli  numer- 
ous small,  nucleated  cellSj  and  a  few  free  nuclei.  The  ceUd 
measure  from  y^jVir  ^^  f?Vif  ^^  ^^  ^^^  ^^  diameter.  Both 
the  cells  and  the  free  nuclei  of  the  splenic  corpuscles  bear  a 
close  resemblance  to  cells  and  nuclei  found  in  the  spleen- 
pulp.  The  corpuscles  are  surrounded  by  blood-vessefe^ 
which  send  branches  into  the  interior  to  form  a  delicate 
capillary  plexuB.* 

Tlie  number  of  the  Malpighian  corpuscles  in  a  spleen 
of  ordinary  si^e  has  been  estimated  by  Sappey  at  from  seven 
thousand  to  ei^ht  thoue^aod.'  They  are  readily  made  out  in 
the  ox  and  sheep,  but  are  frequently  not  to  be  discovered  in 
the  human  subject.  In  about  forty  examinations,  in  man» 
Sappey  found  them  in  only  four;  but  in  these  they  presented 
the  same  characters  as  in  the  ox  and  the  sheep,  and  resist 
decomposition  for  twelve  days,*  showing  that  it  is  not  m 
sary  to  have  recourse  to  perfectly  fresh  specimens  to  disT 
cover  them  if  they  exist.  KoUiker  notes  the  fact  that  they 
are  often  absent  in  the  human  subject  when  death  has  taken 
place  from  disease  or  long  abstinence.  lie  believes  that 
they  are  nearly  always  to  be  found  in  perfectly  healthy  per- 
sons,* The  occasional  absence  of  these  bodies  constitntes 
another  point  of  resemblance  to  the  solitary  glands  of  the 
small  intestine*' 

The  relations  of  the  Malpighian  bodies  to  the  arterial 
branches  distributed  through  the  spleen  are  peculiar.  In 
specimens  in  which  these  corpuscles  are  easily  made  out,  if 
a  thin  section  be  made,  and  the  spleen-pulp  be  washed  away 
by  a  stream  of  water,  the  corpuscles  may  be  seen  attached 
in  some  parts  to  the  sides  of  the  vessels,  in  others  lying  io 

*  See  ToL  li,,  DigestioDt  p,  821. 

»  KiiLLiEiLR,  IliiTidhuch  dtr  OaoebfUhre^  Ldpngi  1867,  S.  451 
'  Papptt,  op,  cU.^  p.  326.  <  Idem.,  p.  325. 

•  KoLLUxft,  op.  ciL,  S.  4M.  •  S^  toI  IL,  Digestion,  p.  Sit. 
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[ie  notch  formed  by  the  branching  of  a  veBselj  and  in  others 
Itaehed  to  an  extremity  of  an  arterial  twig,  the  vessel  then 
JMiking  up  into  a  plexus  to  smround  the  corpuscle.  Ac- 
Blmg  to  Sappey,  the  corpuscles  are  attached  to  arteries 
measuring  from  ^  to  ^  of  an  inch  or  leas  in  diameter,* 
When  the  artery  is  enclosed  in  its  fibrous  sheath,  the  corpus- 
d»  are  applied  to  the  sheath,  but  in  the  smallest  arteries 
I  ihfiy  are  attached  to  the  walls  of  the  Tessel.  The  attach- 
ment of  the  Malpighian  bodies  to  the  vessels  is  very  firm^ 
\  and  they  cannot  be  separated  without  laceration  of  the 
oi€Qibfaiie. 


I  S^>leenrptilp, — ^With  regard  to  the  constitution  of  the 
ipleen^pulpj  there  is  considerable  diversity  of  opinion, 
While  anatomiBts  and  physiologists  are  pretty  generally 
igreed  concerning  the  structure  and  relations  of  the  Mai- 
pighian  bodies,  some  minutely  describe  cells  in  the  pulp,  the 
ndstenee  of  which  is  denied  by  others  of  equal  authority* 
The  pulp^  however,  contains  the  essential  elements  of  the 
spleen,  and  an  accurate  knowledge  of  all  the  structures  con* 
tftined  in  it  could  hardly  fail  to  throw  some  light  on  its  func- 
tion; but  there  is  so  little  that  is  definitely  known  of  either 
the  anatomy  or  the  physiology  of  the  spleen,  that  we  shall 
refrain  from  discussing  the  views  of  different  authors,  refer- 
ring the  reader  for  fall  information  upon  these  points  to  the 
elaborate  works  upon  general  anatomy, 

Tlie  pulp  is  a  dark,  reddish,  eemifloid  subBtanee,  its  color 
^trying  in  intensity  in  different  specimens.  It  is  so  soft  that 
It  n\ay  he  washed  by  a  stream  of  water  from  a  thin  section, 
■&  it  readily  decomposes,  becoming  then  nearly  fluid.  It  is 
^Rltained  in  the  cavities  bounded  by  the  fibrous  trabecular, 
nod  itself  contains  numerous  microscopic  bands  of  fibres 
wranged  in  the  same  way.  It  surrounds  the  Malpighian 
l>«>di€s,  contains  the  terminal  branches  of  the  blood-vessels, 
and  probably  the  nerves  and  lymphatics.    Upon  microscopi- 

^  On.  Hi.,  p,  828, 
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cal  examination,  it  presents  Eumeroiis  free  nucl^  and  cells^ 
liketliose  deseribed  in  tlie  Malpighian  bodies;  but  the  nuclei 
are  here  retatively  much  more  abundant.  In  addition  are 
found,  blood-coi*puficles,  white  and  red,  gome  natural  in 
form  and  size,  others  more  or  less  altered,  with  pigmentary, 
granules,  both  free  and  enclosed  in  cells.  Anatomists  havd' 
attached  a  great  deal  of  importance  to  lai^  veeieles  en* 
closing  what  have  been  supposed  by  some  to  be  blood-cor- 
pnscles,  and  by  others  to  be  pigmentary  corpusclet*.  The 
state  of  our  knowledge  on  these  points,  however,  is  very 
unBatisfactory.  Some  authorities  deny  the  existence  of  the 
so-called  blood-corpuscle-containing  cells.  A  writer  in  the 
Brltuh  and  Foreig-u  Medico- Chirurffical  Hevi^it?^  m  1853, 
after  a  tliorough  analysis  of  the  various  original  observations 
that  had  appeared  up  to  that  time,  came  to  the  conclusion 
that  the  presence  in  the  spleen-pulp  of  cells  containing  blood* 
corpuscles  in  a  transition  state  was  extremely  doubtful ; '  and 
KoUiker,  who  has  investigated  the  structni*e  of  the  spleen 
with  peculiar  care,  has  advanced,  in  successive  publications, 
several  entirely  difterent  opinions  on  the  subject.'  We  shall 
therefore  abstain  from  a  discussion  of  these  disputed  quei*^ 
tiouB,  which  are  at  present  of  a  character  purely  anatomicalJ^| 
All  that  we  can  say  of  the  spleen-pulp  is,  that  it  contains 
cells,  nuclei,  blood-corpuscles,  and  pigmentary  granules,  with 
a  yellowisli-red  fluid;  and  tliat  it  is  intersected  with  micro- 
scopic trabeculaa  of  fibrous  and  muscular  tissue,  and  a  deli- 
cate net- work  of  blood- vessels.  It  is  difficult  to  determine 
whether  the  blood-corpuscles  come  from  vessels  that  have 
been  divided  in  making  the  preparation,  or  are  really  free 
in  the  pulp ;  or  whether  the  free  nuclei  are  normal  or  come 
from  cells  that  have  been  artificially  ruptured. 

1  Whahton  Jones,  BriHtk  and  Foreiffn  J/k&NvCAtntiyfea/  EevU^^  Londoo^ 
1853,  Tol.  %l,  p.  89, 

*  KiitfaKXA,  Cjfekpadia  of  An^^omjf  iimd  Fh^okffjf^  LcmdoSf  1847-1649, 
vol.  iv.,  p,  771^  Article^  Spteen. 

Manual  of  Human  Miertaeopk  An&tom^y  London,  184SO,  p.  S58,  d  ttq, 

Hani^tmdi  der  Gewebelehre  det  Mmof^im^  Leipzig,  1867,  8L  448,  <<  uq. 
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Jfervea  qf  the  Spleen. — The  quantity  of 
lood  which  the  spleen  receives  is  very  large  in  proportion 
to  the  size  of  the  organ.     The  splenic  artery  is  the  largest 
branch  of  the  cceliac  axis.     It  is  a  vessel  of  considerable 
length,  and  is  remarkable  for  its  excessively  tortnoas  course, 
-In  a  man  of  between  forty  and  fifty  years  of  age^  the  vessel 
tneasTired  about  five  inches,  without  taking  account  of  its 
deflections ;  and  a  thi'ead  placed  on  the  vessel,  so  aa  to  follow 
exactly  all  its  windings,  measured  a  little  more  than  eight 
inches.*     The  large  caliber  of  this  vessel  and  its  tortuous 
course  are  interesting  points  in  connection  with  the  great 
|.?ariationg  in  size  and  situation  which  the  spleen  is  liable  to 
jdergo  in  health  and  disease.     The  artery  gives  off  several 
branches  to  the  a*ljacent  viscera  m  its  course,  and  as  it 
\  to  the  hilum  divides  into  thj-ee  or  four  branches,  which 
^igain  divide  so  aa  to  form  from  six  to  ten  vessels.    These 
penetrate  the  substance  of  the  spleen,  with  the  veins,  nerves, 
and  lymphatics,  enveloped  in  t!ie  fibrous  sheath,  the  capsule 
of  Malpighi.     In  the  substance  of  the  spleen  the  arteries 
branch  rather  peculiarly,  giving  off  many  small  ramifica- 
tions in  their  course,  generally  at  right  angles  to  the  parent 
trunk.     These  are  accompanied  by  the  veins  until  they  are 
reduced  to  from  ^  to  ^  of  an  inch  in  diameter.     The  two 
of  vessels  then  separate,  and  the  arteries  have  at* 
^tacbed  to  them  the  corpuscles  of  Malpighi.      It  is  also  a 
noticeable  fact  that  the  distinct  trunks  passing  in  at  the 
hilmn  have  but  few  inosculations  with  each  other  in  the 
alMtance  of  the  spleen,  so  that  the  organ  is  divided  up  into 
>m  six  to  ten  vascular  compartments.      Tliis  arrangement 
raa  observed  many  years  ago  by  Assollant,* 

The  veins  join  the  fine  branches  of  the  arteries  in  the 
fipleeti-pulp  and  pass  out  of  the  spleen  in  the  same  sheath. 
They  anaj^tomose  quite  freely  in  their  larger  as  well  as  their 

'  SAmT,  Tn^  dtiuudomk,  PariB.  1857,  tome  iii.,  p.  827. 

•  AjiBOLLAJtT,  Stchercha  wur  la  raU,—Thhe^  No,  112,  Paris,  in  ili.  (1804), 
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fimaller  branches.  Their  caliber  is  estimated  by  Sappey  aa 
about  twice  that  of  the  arteries.  This  author  regards  the 
estimates,  that  have  put  the  caliber  of  the  veins  at  four  or 
five  times  that  of  the  arteriesj  as  much  exaggerated.*  The 
number  of  veins  emerging  from  the  spleen  is  equal  to  the 
number  of  arteries  of  supply. 

The  lymphatics  of  the  spleen  are  not  numerous.  By 
most  anatomists,  two  sets  of  vessels  have  been  recognized, 
the  superficial  and  the  deep;  but  thoje  who  have  studied 
the  subject  practically  have  found  it  very  difficult  to  demon- 
strate the  &uj>erficial  layer.  Sappey  denies  the  existence  of 
any  but  the  deep  vessels;"  and  Kdlliker  admits  that  the 
superficial  vessels  are  generally  not  to  be  found  in  morbid 
spleens,  and  are  very  scanty  in  perfectly  healthy  specimens.' 
The  deep  Ipnphaties  have  been  demonstrated  in  the  capsule 
of  Malpighi,  attached  to  the  veins  and  emerging  with  them 
at  the  hilum.  At  the  hilum,  according  to  Kolliker,  the 
deep  vessels  are  joined  by  a  few  from  the  surface  of  the, 
spleen.  The  vessels,  nnraberiug  five  or  sijc,  then  pass  into 
small  lymphatic  glands,  and  empty  into  tbe  thoracic  duct 
opposite  the  eleventh  or  twelt\h  dorsal  vertebra.  It  was  aa 
old  idea  that  the  lymphatics  were  the  excretory  duets  of  the 
spleen/  This  view  was  revived  by  Hewson^*  but  it  is  a 
speculation  winch  does  not  demand  any  discussion  at  the 
present  day. 

The  nerves  of  the  spleen  are  derived  fix)m  the  solar 
plexus.  They  follow  the  vessels  in  their  distribution,  and 
are  enclosed  with  them  in  the  capsule  of  Malpighi*    They 


»  Op.  at,  p.  329. 

■  Sappey,  Traiti  (Tanaiomw,  Parts^  1867,  tome  iii.,  p.  88K 

■  Ktil^itKR,  ffatt/lhuch  dtr  GeweMehre^  Leipxig,  1867,  S.  460. 

*  In  Milne-Edwftrda's  cluboratti  work  on  physiologj',  now  In  course  of  publi- 
cation, i«  an  exhaustive  bibliographical  revievv  of  the  early  works  on  the  anato- 
mj  and  phyBiologj  of  the  epleen.  The  idoa  thai  the  lymphatics  were  ita  ei- 
crotory  ducts  was  adrano^  by  Eller,  in  1716.  (MiLNB-EnwAKOS,  Le^ommirk 
tAytioioffU,  PaHf,  16d2,  tome  rlL,  p.  28S,  ei  M«q.) 

*  Hswsoii,  WorkBf  SydenAam  Sodgijf  PublUation^  London,  1840,  pv  S7l» 
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ire  distnbuted  nltimately  in  the  spleen-pulp,  but  nothing 
detinite  is  known  of  their  mode  of  termination*  We  have 
already  referred  to  the  fact  that  when  theae  nerves  are  gal- 
ranized,  the  non-striated  muscles  in  the  substance  of  the 
spleen  are  thrown  into  contraction. 

Some  PoitUe  in  the  CJiemical  ConsiUuti^m  of  the  Spleen, 
-^Very  little  has  been  learned  with  regard  to  the  probable 
faaction  of  the  spleen,  from  the  numerous  chemical  analyses 
tliat  hare  been  made  of  its  substance.  It  will  therefore  be 
out  of  place  to  discuss  its  chemical  constitution  very  fully, 
and  we  shall  only  refer  to  cert*^iu  principles,  the  existence  of 
^iiichj  in  the  spleen-substancCj  may  be  considered  as  pretty 
veil  determined.  In  the  first  place,  cholesterine  has  been 
found  to  e3d&t  in  the  spleen  constantly  and  in  considerable 
quantity,  and  the  same  may  be  said  of  uric  acid.  In  addi- 
tion, chemists  have  extracted  from  the  substance  of  the 
fipieen,  hypoxanthine,  leucine,  tyrosine,  a  peculiar  crystal- 
lijiable  substance  called,  by  Scberer,  lienine,  crystals  of 
liiematoidine,  lactic  acid,  acetic  acid,  butyric  acid,  inosite, 
amyloid  matter,  and  some  indefinite  fatty  principles,'  It 
is  difficult,  however,  to  say  how  far  some  of  these  principles 
^  formed  by  the  processes  employed  for  their  extraction, 
*>f  are  due  to  morbid  action ;  certainly,  physiologists  have 
fnns  far  been  unable  to  connect  them  with  any  definite 
^iewg  of  the  probable  function  of  the  spleen. 

K  '^tate  of  mir  Knowled^je  concerning  the  Fmietlona  of  the 

^gietfi, — The  spleen  is  ahnost  nnivei'sal  in  vertebrate  ani- 

^^^ ;  it  is  an  organ  of  considerable  size,  and  is  very  abun- 

^'aatly  supplied  w^ith  vessels  and  nerv^  es ;  it  has  a  complex 

^^^cture,  unlike  that  of  any  of  the  true  glands ;  its  tissue 

I**^sents  a  variety  of  proximate  principles ;  but  it  has  no  ex- 

^•^tory  dact,  and  no  opportunity  is  atforded  for  the  study 

^^  its  secretion,  except  as  it  may  be  taken  up  by  the  current 


^lUrE-EDirARiifl,  Lb^m  tur  la  phytioloffu^  Pwia,  1863,  tome  viL,  p,  269, 
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of  blood*  It  must  he  admitted,  also,  tliat  up  to  the  present 
time,  no  definite  physiological  ideas  have  followed  the  elabo- 
rate microscopical  and  chemical  examinations  of  the  spleen. 
There  have  been  only  two  methods  of  inc[iury,  indeed,  which 
have  promised  any  such  results :  Firstj  a  comparison  of  the 
blood  and  lymph  going  into  and  coming  from  the  spleen^ 
and  an  examination  of  the  variations  in  the  volume  of  tHo 
organ  during  life ;  and  second,  a  study  of  the  phenomena 
which  foUow  its  extirpation  in  living  animalB.  A  review  of 
the  literature  of  the  subject  wiU  show  that  we  have  gained 
but  little  positive  information  from  either  of  these  methods. 

The  condition  of  the  question  of  the  influence  of  the 
spleen  upon  tlie  composition  of  the  blood  is  well  illustrated 
in  the  last  edition  of  Longet's  elaborate  work  on  phyBiol- 
ogy/  This  author  quotes  opinions  of  the  highest  authori- 
ties, based  chiefly  upon  naicroscopieal  investigations,  some  in 
favor  of  the  view  that  the  blood-corpuscles  are  destroyed,  and 
others  arguing  that  they  are  formed  in  the  spleeu,  while  he 
himself  oflers  no  opinion  upon  the  subject* 

Still  there  are  certain  established  points  of  diiference 
between  the  blood  of  the  splenic  artery  and  of  the  splenic 
vein.  There  can  be  no  doubt  of  the  fact  that  the  blood 
coming  from  the  spleen  contains  a  large  excess  of  white  cor- 
puscles* Donnd  was  the  first  to  call  attention  to  this  fact,' 
and  his  oliservations  have  been  confirmed  by  Gray/  and 
many  others/  It  can  by  no  means  be  considered  settle*!, 
however,  that  the  function  of  the  spleen  is  to  form  white 
blood-corpuscles.  In  pathology,  although  great  increase  in 
the  leucocytes  of  the  blood  frequently  attends  hypertrophy 

*  L0501T,  Truiii  depktfiiob^  Paris,  18«9,  p.  S78. 

'  0ON3f4,  Court  dt  microscopic^  Paris,  1844,  p.  99.  DODI16  states  that  tilt 
btood  taken  frotu  th45  eplenic  reins  presents  nothing  remarkable ;  but  on  press- 
ing out  that  contained  in  the  tiBsue  of  the  organ^  the  white  oorpiueks  wtn 
very  abundiint^  and  were  even  more  niunerouB  than  the  red. 

*  Geut,  Th  Slrudure  and  Um  0/  ikt  i^km,  London,  1854,  p.  150. 

*  MiLNE-EovTAHDt,  Lt^Mx  ftit*  Id  phjfiioioffie^  Paris,  1857,  tome  i»  p.  952,  and 
1893,  tOBQB  Til,  p.  2S8. 
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of  ibe  spleen,  this  condition  is  also  observed  when  the  epleen 
is  perfectly  healthy. 

Diminution  in  the  proportion  of  red  corpuedeB  in  the 
blood  in  passing  through  the  Bpleen,  in  a  very  ximrked  de^ee, 
hm  been  noted  by  Beclard/  Qray,'  and  others,  and  this  gives 
color  to  the  suppositiun  that  the  spleen  is  an  organ  for  the 
de&truction  of  the  blood-corpuscles;  but  we  know  nothing 
of  the  importance  or  significance  of  this  process,  and  it  is 
notfihown  that  the  corpu&cles  exist  in  undue  quantity  in  ani- 
ixialg  after  the  spleen  has  been  removed.  We  leam  nothing 
more  definite  from  the  fact  that  blood  of  the  splenic  vein 
Beems  to  contain  an  unusual  quantity  of  pigmentary  matter.* 
Iii  connection  with  the  marked  diminution  in  the  proportion 
of  blood-cijrpuscles,  both  Eeclard*  and  Gray  *  observed  a 
ixurked  increase  in  the  fibrin  and  albumen  in  the  blood  of 
tlie  splenic  vein. 

The  significance  of  the  facts  just  stated  is  so  little  under- 
stood, that  it  would  seem  hardly  necessary  even  to  mention 
Uiem,  except  as  an  illustration  of  the  small  amoimt  of  defl- 
ate information  regarding  the  functions  of  the  spleen  that 
***8  resulted  from  an  examination  of  the  blood  coming  from 
ttia  organ.  We  know  nothing  of  any  changes  effected  by 
^te  gpleen  in  the  constitution  of  the  lymph. 

Variations  in  (he  Volume  of  (he  Spleen  during  Life. — 
^Q^Q  of  the  theories  with  regard  to  the  function  of  the  spleen, 
^hich  merits  a  certain  amount  of  consideration,  is  that  it 
*^Ves  as  a  diverticulum  fur  the  bloody  when  there  is  a  ten- 
^^cy  to  congestion  of  the  other  abdominal  viscera.  The 
^^t  attempt  to  formularize  tliis  idea  and  support  it  by  ex- 
I*^Hmental  observations  was  made  by  Dobson,  in  1830,  He 
^<^t^  the  fact  that  the  spleen  was  much  larger  in  doga,  from 

*  BicuA&D,  Rethereht^  tstpkrimmkilM  ^ur  let  fim^Hont  dt  (a  raU  d  fvr  e^lm 
**  ^  vtme  porU.^Arthivn  ^inirfdn  dttnid^n^,  Ptrl*,  1S48,  4me  %^n^  tome 
*^*^.,  pp,  143,  441 

*  Grat,  <rp,  fii.t  p.  156.  •  Idem,,  p.  147. 

^  BicLABiv  ioe.  cU.^  p,  443,  *  i'&i^T,  ioe.  cil.,  p.  103, 
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greallj  sakifed  m  dogi^  from  tamt  to  iv«  bcmra  after  feed 

{ii|r«  tliat  hi  epkfgemcpt  ia  at  ila  nmimiini  at  about  the= — ^ 
flftb  boor,  and  tftat  it  gniAMBy  dJHiiniaiiea  to  its  original  i 
during  tbe  iaeoeedii^  twclre  hours;  Imt  it  h  not  apparent 
horn  ta  this  u  important  or  eaeentlal  lo  ^  proper  perform- 

'  Dtnmom,  BruOmre  ei  fmtMmm  4t  la  rt^^JrcMBm gimtnin  de  i 
PmH  ima,  tome  JolT.,  p^  Ut,  ii  Mf .    TW  espcdMDli  uid  eondiisioiia 
IMmo  «i«  bcre  qooCed  bi  foS  from  tibe  fn^ghMl  fnir.    Grmj,  wto  gires 
U«  work  spOB  1^  Api^oi  A  vfry  fUl  Hmtmi  id  tkc  fariom  tlieoriea  with  ] 
lsilM<kaMSoll•or<h•flplea^q1loteB(|MeB»)A(hllBtOBisa  lecture  bjl 
\ef,  ta  ntf,  in  vhicb  the  Mmt  \Am  ia  adruiced,  Ibo^  it  ieems  lo  be 
forwArd   merelj   as  a  tbeorj,  witlioQt  snj  attonipt  at  expeiim«&t&l 
HlxIfkfJi  reriTcd  UiU  opioioa  in  18ii,  bat  withoat  preseodng  anj  positi 
pfoof  of  ita  a4^cu^ac▼    (Bot>oci3i,  On  <A?  i7*«  o/t*«  Spleen. — Edinburgh  Mm 
oaf  md3mfkalj<mmal,  l%t%  toL  rrUL,  p.  90). 

•  Tba  ebaoi^  in  the  Tolume  of  the  spleen  bare  been  obsenrcd  bj 
p^Tilologiita.    B^^nurd  noted,  in  addition^  that  the  blood  of  the  Bpleolo  Tdn 
rod  daring  abitinence  and  dark  duiitig  digofltioD  (U^uidM  dt  twrgafdamt^  J 
l(fl>9,  tom«  li,  p.  420). 
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«ice  of  the  functions  of  digestion  and  absorption.  Experi- 
ments have  shown  that  animals  may  live,  digestj  and  absorb 
alimentaiT'  principles  perfectly  well  after  the  spleen  has  been 
i^moved,  and  this  has  even  been  observed  in  the  human  sub- 
ject; and  in  view  of  these  facts,  it  is  impossible  to  assume 
that  the  pre^^ence  of  the  spleen,  as  a  diverticulum  for  the 
blood,  is  essential  to  the  proper  action  of  the  other  abdom- 
ixxal  organs, 

Ettirpation  of  the  Spleen. — There  is  one  experimental 
fact  that  has  presented  itself  in  opposition  to  nearly  every 
theory  advanced  with  regard  to  the  fuoction  of  the  spleen ; 
"W-hich  is,  that  the  organ  may  be  removed  from  a  living  ani- 
tnai^  and  yet  all  the  functions  of  life  go  on  apparently  as 
l>efore»     The  spleen  is  certainly  not  essential  to  life,  nor,  as 
&r  as  w©  know,  to  any  of  the  important  general  functions. 
It  has  been  removed  over  and  over  again  from  dogs,  cats, 
^nd  even  from  the  human  subject,  and  its  absence  is  attended 
^th  no  constant  and  definite  changes  in  the  phenomena  of 
'ife.    If  it  act  as  a  diverticulum,  this  function  is  not  essen- 
tial to  the  proper  operation  of  the  organs  of  digestion  and  ab- 
sorption ;  and  if  its  office  be  the  destruction  or  the  formation 
^^  the  blood-corpuscles,  the  formation  of  leucocytes,  fibrin, 
'^c  acid,  cholesterine,  or  any  excrementitious  matter,  there 
*J*e  other  organs  which  may  accomplish  these  functions, 
'^^at  renders  this  question  even  more  obscure  is  the  fact 
^ii^t  we  have  no  knowledge  of  any  constant  modifications  in 
^tke  size  or  the  functions  of  other  organs  as  a  consequence  of 
^*^tno  val  of  the  spleen.*    This  is  not  surprising,  however,  when 
^"^  reflect  that  one  kidney  can  accomplish  the  function  of  uri- 

'  B^cUrd  me&tionB  Bererml  mithoridei  who  baTe  noted  enlargement  of  the 
'^^phadc  gl&nda  throughout  the  syatem,  oondequent  upon  removal  of  the 
*¥*lien,  tmd  one  of  these  instances  occnrred  in  the  human  subject  ( Traiii  ilSmm- 
I  dsph^oloffU  humairuj  Paris,  1859^  p.  443) ;  but  thesG  obserrations  baTe 
*  been  confirmed  Buffictently  to  warrant  the  suppofiition  that  tho  spleen 
I  to  the  l^pbaUc  S}'&tem,  pcirtieiilarly  as  ita  connections  with  the  blood* 
^^ieeU  are  very  extenalre,  and  its  IjnipbaticB  are  rather  scanty. 
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nary  excretion  after  the  other  has  been  rcmoTed,  and 
the  eingle  organ  remaining  does  not  present  enlargement  of 
the  Malpigbian  bodies  and  the  convoluted  tubes/ 

There  are  certain  phenomena  that  sometimes  follow  re- 
moval of  the  spleen  from  the  lower  animals,  which  are 
curions  and  interesting,  even  if  they  do  not  afford  much 
positive  information.  Extirpation  of  this  oi^gan  is  an  old 
and  a  very  common  experiment.  In  the  works  of  ITalpighi, 
published  in  1687,  we  find  an  acconnt  of  an  erperimeat 
on  a  dogj  in  which  the  spleen  was  destroyed,  and  the  ope- 
ration was  followed  by  no  serious  results.'  Since  then  it 
has  been  removed  bo  often,  and  the  experiments  have  been  so 
universally  negative  in  their  results,  that  it  is  hardly  neces- 
sary to  cite  authorities  on  the  enbject.  There  are  numerotis 
instances,  also,  in  which  it  has  been  in  part  or  entirely 
removed  from  the  human  subject,  which  it  is  unnecessary 
to  refer  to  in  detail ;  but  in  nearly  every  case,  when  there  was 
no  diseased  condition  to  complicate  the  observation,  the  result 
has  been  the  same  as  in  experiments  on  the  inferior  animals/ 

One  of  the  phenomena  to  which  we  desire  to  call  at- 
tention is  the  modification  of  the  appetite.  Great  voracity 
in  animals,  after  removal  of  the  spleen,  was  noted  by  the 

*  See  page  170, 

*  MALPiQini  Be  Lime,  Opera  omnia,  Lugd.  BaUt.,  16S7|  tomua  it,  p.  302. 

*  In  the  Union  me^licaie^  Paris,  1807,  21me  ann6c,  Nofl,  141,  142,  pp,  S40, 
878,  ft  case  of  gplenotomj  followed  by  complete  recovery  U  reported  by  3C  P^ftB. 
In  flucoeedmg  numbera  of  the  sarQC  joum&l,  H«  Magdelain  hms  collected  reports 
of  nine  cases  of  spleaotomy  performed  on  account  of  wounds  of  the  abdomfin, 
and  six  cases  in  which  the  spleen  had  been  in  part  or  entirely  remored  cm  way- 
count  of  disease.  In  all  the  cases  of  ii^jttry,  the  patientd  recoYeredj  preccnti&g 
afterward  no  unusual  symptoms ;  but  of  the  six  cases  of  disease  of  the  ^toaa, 
four  of  the  patients  died  (ZVnicw  nUdieaie^  Paris,  1867,  Nos.  144,  146,  pp.  405, 
431).  Other  cuses  of  removal  of  the  spleen  in  the  human  sabject  are  quoted  In  the 
Jf^ew  York  Mediml  Joumaij  186S,  vol,  Tti.,  p.  258,  d  aeq.  In  Haj^ke,  . 
FhyncloffitB^  Bemie,  17S4,  p.  421,  is  a  fiiil  historical  account  of  the  early  ea^ 
periments  on  removal  of  the  spleen  in  the  lower  anlmak ;  and  Prof.  Dungliaon 
{Buman  Phifti<^offtf,  PhUadelphin,  1856,  vol  i.,  p.  683,  t4  weq.)  gives  au  aecomit 
of  ci|H2rimentH  on  aoimnls,  and  cites  numerous  Instances  of  ita  removal  or  ab 
ience  in  the  human  subject* 
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earlier  experimenterSj  and  foniied  the  basis  of  some  of  their 
lertravagaiit  theories.  Boerhaave  mentionB  thia  fact  in  his 
Inimal  Economy  /  *  and  Dmnas  advances  it  in  support  of  a 
lieory  that  the  spleen  takes  up  the  superabundant  portion 
of  the  gastric  fluid.*  Later  experimenters  have  observed 
this  change  in  the  appetite,  and  have  noted  that  digestion 
And  assimilation  do  not  appear  to  be  disturbed,  the  ani- 
lala  becoming  unusually  fat.  Prof  Dalton  has  also  ob- 
P'ed  that  the  animals,  particularly  dogSj  sometiines  present 
"^a  remarkable  change  in  their  disposition,  becoming  unnatu- 
rally ferocious  and  aggressive.*  We  have  frequently  observed 
these  phenomena  after  removal  of  the  spleen ;  and  in  the 
following  experiment,  j^erfonned  in  1861,  they  were  particu* 
larly  marked : 

The  spleen  was  removed  from  a  young  dog  weighing 
twenty-two  pounds,  by  the  ordinary  method ;  viz.,  making 
an  incision  into  the  abdominal  cavity  in  the  linea  alba, 
irawing  out  the  spleen,  and  exsecting  it  after  tying  the 
refigels.  Before  the  operation  the  dog  presented  nothing 
lUdual,  either  in  his  appetite  or  disposition.  The  wound 
healed  rapidly,  and  after  recovery  had  taken  place,  the 
animal  was  fed  moderately  once  a  day.  It  was  noticed,  how- 
Lever,  tliat  the  appetite  was  excessively  voracious;  and  the 
became  so  irritable  and  ferocious  that  it  was  dangerous 
approach  him,  and  it  became  necessary  to  separate  him 
rom  tlie  other  animals  in  the  laboratory.  He  would  eat 
refuse  from  the  diesecting-room,  the  flesh  of  dogs,  fseces,  etc. 
yOn  February  11,  1861,  about  six  weeks  after  the  operation, 
iving  been  well  fed  twenty-four  hours  before,  the  dog  was 
bfX)ught  before  the  class  at  the  New  Orleans  School  of  Medi- 
Ine,  and  ate  a  little  more  than  four  pounds  of  beef-heart, 
nearly  one  fifth  of  his  weight.  This  he  digested  perfectly 
bU,  and  the  appetite  was  the  same  on  the  following  day, 

*  BomuATi,  Ad^  Limii,  (EemiMma  Animatis^  London,  1761,  p.  SO. 

*  DmiAfli  Prineifm  di  fhifmoloffie^  Pt.riA,  1S03«  lome  ir.,  p.  61L 
■  Paltom,  a  TrtatUt  <m  Hwrnn  Phtftiolo^jf,  Philftdelpbio,  18C7,  p.  1©5. 
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This  dog  Lad  a  remarkablj  sleek  and  well-nourished  appear- . 
ance. 

The  above  is  a  etriking  example  of  the  change  in  the 
appetite  and  disposition  of  animals  after  extirpation  of  the 
spleen ;  but  these  results  are  by  no  means  invariable*  We 
have  often  removed  the  spleen  from  doge,  and  kept  the  ani- 
mals for  months  without  observing  any  thing  nnnaoal ;  an<i, 
on  the  other  hand^  we  have  observed  the  change  in  dis- 
position and  the  development  of  an  unnatural  appetite,  in 
animals  after  removal  of  one  kidney ;  these  effects  were  ako 
very  well  marked  in  an  animal  with  biliary  fistula,  that  lived 
for  thirty-eight  days.  In  the  latter  instance,  the  voracity 
could  be  explained  by  the  disturbance  in  digestion  and  as- 
similation prodoced  by  shutting  off  the  bile  from  the  intes- 
tine ;  but  these  phenomena  occurring  after  removal  of  one 
kidney,  which  appeared  to  have  no  effect  upon  the  ordinary 
functions,  are  not  so  readily  understood.  We  have  observed 
both  increase  in  the  appetite  and  the  development  of  ex- 
traordinary ferocity  after  extirfiatiou  of  one  kidney  almost  in- 
variably, since  our  attention  has  been  directed  to  this  point ; 
and  in  those  experiments  of  which  records  were  preserved, 
these  effects  were  very  marked  In  one,  a  dog  lived  for 
nearly  two  years  with  one  kidney,  and  was  finally  killed. 
The  appetite  was  voracious  and  depraved.  He  would  eAt 
dogs'  flesh  greedily.  In  another,  death  took  place  in  con- 
vulsions, forty-three  days  after  removal  of  one  kidney,  the 
animal  having  apparently  recovered  from  the  operation. 
This  dog  was  very  ferocious,  had  an  extraordinary  appetite, 
and  would  eat  fiBces,  putrid  dogs*  flesh,  etc.,  which  the  otlier 
dogs  in  the  laboratory  would  not  touch.  The  other  dog 
entirely  recovered  from  the  operation  of  remo\ing  one  kid- 
ney, and  presented  the  same  phenomena. 

In  view  of  the  above  facts,  it  must  be  admitted  that  the 
removal  of  the  spleen  in  the  lower  animals  and  the  human 
subject  has  thiis  far  demonstrated  nothing,  except  that  this 
part  is  not  essential  to  the  proper  performance  of  the  vital 
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ftmctions^  The  voracity  wliicli  occasionally  follows  the  op- 
eration in  animals  is  one  of  the  phenomena,  like  the  increase 
in  the  size  of  animals  after  castration,  for  which  physiologists 
can  offer  no  satisfactory  explanation. 

It  is  evident  from  the  foregoing  considerations  that,  not- 
withstanding the  great  amount  of  literature  on  the  anatomy 
and  functions  of  the  spleen,  physiologists  have  no  definite 
knowledge  of  any  important  office  performed  by  this  organ. 
With  this  conclasion,  we  pass  to  a  consideration  of  the  other 
ductless  glands,  the  physiology  of  which  is,  unfortunately, 
even  more  unsatisfactory. 

Suprwenal  Capsulm. 

The  theories  that  have  been  advanced  with  regard  to  the 
fonction  of  the  suprarenal  capsules  have  not,  as  a  rule,  been 
ba^ed  upon  anatomical  investigations,  but  ha?e  taken  their 
origin  from  pathological  observations  and  experiments  on 
living  animals.  This  fact  detracts  from  the  physiological 
interest  attached  to  the  structure  of  these  bodies,  and  we 
shall  consequently  treat  of  their  anatomy  very  briefly. 

The  suprarenal  capsules,  as  their  name  implies,  are  situ- 
«led  above  the  kidneys.  They  are  small,  triangular,  flat- 
teoed  bodies,  placed  behind  the  peritoneum,  and  capping  the 
Iddnqpv  at  the  anterior  portion  of  their  superior  ends.  The 
left  capsule  is  a  little  larger  than  the  right,  and  is  rattier 
fiemilunar  in  form,  tlie  right  being  more  nearly  triangular. 
Their  size  and  weight  are  very  variable  in  different  individ- 
iud&«  Of  the  different  estimates  given  by  anatomists,  we 
may  state,  as  an  average,  that  each  capsule  weighs  about 
one  hnndre^l  grains.  They  are  about  an  inch  and  a  halt* 
in  length,  a  little  less  in  width,  and  a  little  less  than  one- 
fourth  of  an  inch  in  thickness. 

The  weight  of  the  capsules,  in  proportion  to  that  of  the 
kidtieys,  presents  great  variations  at  different  periods  of  life ; 
ftiid  they  are  so  ranch  larger  in  the  foetus  than  after  birth, 
that  some  physiologists,  in  default  of  any  reasonable  theory 
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of  their  function  in  the  adult,  have  assumed  that  their  office 
is  chiefly  important  in  intra-nterine  life,  Meckel  states  that 
they  are  eaeilj  distinguished  in  the  foetus  of  two  montlifl;  at 
the  end  of  the  tliird  month,  they  are  a  little  lai^T  and  heavier 
than  the  kidneys ;  they  are  eqnal  in  size  to  the  kidneys  (though 
a  little  hgliter)  at  four  months ;  and,  at  the  be^'nning  of  the 
sixth  month,  are  to  the  kidneys  &£  two  to  five-  In  the  fcetufr 
at  term,  the  proportion  is  as  one  to  three,  and  in  the  adult 
as  one  to  twenty-three/  It  was  asserted  by  some  of  the 
older  writers,  that  the  capsules  are  larger  in  the  negro  than 
in  the  white  races,  but  Meckel  states  that  althongh  he  had 
observed  this  in  a  negress,  he  saw  nothing  of  it  in  dissecting 
a  negro,'  This  observation  did  not  have  mnch  significance 
at  that  time ;  but  since  it  has  been  supposed  that  the  supra- 
renal capsules  have  some  function  in  connection  with  the  for- 
mation of  pigment,  authors  have  quoted  it  as  important* 

The  color  of  tlie  capsules  is  whitish -yellow.  They  are 
completely  covered  by  a  thin  fibrous  coat,  which  penetrates 
their  interior,  in  the  form  of  trabecula?.  Upon  section,  they 
present  a  distinct  cortical  and  medullary  substance^  The 
cortex  is  yellowish,  from  ^  to  ^  of  an  inch  in  thicknesa, 
surrounding  the  capsule  entirely,  and  constituting  about 
two-thirde  of  its  substance.  The  medullary  substance  is 
whitish,  very  vascular,  and  is  remarkably  prone  to  decompo- 
sition, so  that  it  is  desirable  to  study  the  anatomy  of  these 
bodies  in  specimens  that  are  perfectly  fresh. 

Stnieture  of  the  Supraren<jl  CapeuJss. — These  bodies 
have  been  closely  studied  by  Frey,"  Ecker/  Kolliker,*  Har- 

*  MiCEEL,  Manual  of  Gtneral^  Dtteriptht^  and  Pathological  Awdom^y  PbilAr 
delphin,  1832,  Tol.  iii.,  p.  894, 

■  Fret,  Cifdopadia  o/  Anatomy  and  PhjfMc^,  London,  1 849-1 85S,  rol  Ir^ 
part  ii.t  p.  827,  Article*,  Supni-JiemU  O^attdm, 

*  EcEER,  N^fbmn^ertn^  in  W^QmsCa  HandwMofbiuk  dtr  Fk^moloffk^  Bimiin- 
flchweig,  1853,  Bd.  it,,  S.  US,  €i  9eq. 

*  KciLLiKERf  Manual  of  Human  Micrt)*copic  Analomy,  London,  1860,  p.  43t, 
ft  teq,^  and  HandbutK  der  Geofbelekrt  dn  Mentchm^  Leipzig^  16<i7,  &  514,  <^  «9 
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lev,*  add  many  others.  Kecently,  a  reiy  elaborate  accoiint 
ol  their  minute  anatomy  has  been  given  by  M.  Grantiry.* 
The  parts  examined  by  M,  Grandly  were  taken  from  an 
executed  criminal,  aged  nineteen  years,  before  they  bad  nn* 
dergone  any  alteration,  and  were  placed  immediately  in 
diromic  acid.  We  do  not  propose  to  discuss  fully  all  the 
minute  details  or  the  mooted  questions  in  the  anatomy  of 
these  parts,  for  these  have  very  little  physiological  interest; 
and  we  refer  the  reader  to  the  authorities  just  cited  for  a 

K-e  complete  account  of  their  histology.     It  is  sufficient 
us  to  know  that  they  have  no  excretoiy  duct,  and  that 
tlieir  structure  resembles  that  of  the  other  ductless  glands. 

Cortical  Subdiart'Ce. — The  cortical  substance  is  divided 
into  two  layers*  The  external  is  pale-yellow,  and  is  com- 
posed of  closed  vesicles,  rounded  or  ovoid  in  form,  contain- 
ing an  albuminoid  fluid,  cells,  nuclei,  and  fatty  globules. 
Thig  layer  is  very  thin.  The  greater  part  of  the  cortical 
substance  is  of  a  reddish-brown  color,  and  is  composed  of 
closed  tubes.  On  making  tliin  sections  through  the  cortical 
raktance,  previously  hardened  in  chromic  acid  and  ren- 
dered clear  by  means  of  glycerine,  numerous  rows  of  cells 
m  seen,  arranged  with  great  regularity,  and  extending, 
apparently,  from  the  inve^sting  membrane  to  the  medullary 
Bobetance*  On  studying  these  sections  with  a  high  mag- 
nifyij^g-pQwer,  it  is  evident  that  the  cells  are  enclosed  in 
tabeg  measuring  from  y^^  to  yJr  cjf  an  inch  in  diameter. 
Hwley  is  of  the  opinion  tliat  these  tubes  are  not  simply 
^'OUiKled  by  fibrous  processes  from  the  external  coat,  but 
^  lined  by  a  stnictureless  memlirane.'  This  view  is 
confirmed  by  the  more  recent  observations  of  M.  Grandry, 
^^^^  upon  perfectly  fresh  specimens  from  the  human  sub- 

*  EiELrY,  Hlstol^/o/theJSfipfa-Iimid  C^pwiZfli.— 7^  LaneU^  London^  1858^ 
^  K  PF*  551,  576. 

*  GmjfDftT,  Mhfimre  iur  la  tirudure  de  la  e^pwttle  turrhuite  de  rhommt  et  d§ 
^•"^^TWi  amimtiuj'.—JoMrjutl  de  tanai^mk  d  de  la  fkyMo^  P»rb,  186^,  tome 

•»  pp.  225,  889, 
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ject ;  *  but  it  is  probably  the  fact  that  the  rows  of  cells  are 
enclosed  in  tubes  through  a  portion  only  of  the  cortical  sub- 
Btance,  the  membrane  being  absent  in  the  deeper  layers. 
The  cells  are  granular,  with  a  distinct  nucleus  and  nueleolusij 
and  a  variable  number  of  oil-globules.  They  measure  from 
TtW  ^  tsjW  ^^*  ^^  i"<^li  1^  diameter,  Grandry  describet  i 
three  kinds  of  tubes  in  what  he  calls  the  second  layer  of  the 
cortical  substance ;  viz,,  tubes  filled  with  a  strongly-refracting 
maB6  of  needle-shaped  crystals,  like  crystals  of  fat;  tubes 
filled  with  finely-granular,  nucleated  cells,  containing  no  fat ; 
and  tnbes  filled  with  nucleated  cells  containing  numerous 
fatty  granulations.'  Between  the  tubes  of  the  cortical  sub- 
stance are  bauds  of  fibrous  tissue,  connected  with  the  cover- 
ing of  the  cai^sule* 

Medullary  Substance, — The  medullary  substance  is  mudi 
paler  and  more  transparent  than  the  cortex.  In  its  centre 
are  numerous  openings,  marking  the  passage  of  its  venous 
Binujses,  It  is  penetrated  in  every  direction  by  excessively 
delicate  bands  of  fibrous  tissue,  which  enclose  blood-vesseK 
nerves,  and  numerous  elongated  closed  vesicles,  containing 
cells,  nuclei,  and  granular  matter,  Tliese  vesicles,  -^  of  an 
inch  long  and  about  ^^  of  an  inch  broad,  have  been  demon- 
strated by  Grandry  in  the  ox  and  in  tlie  human  subject* 
The  cells  in  the  human  subject  are  from  yifVr  ^^  TfW  ^^  *^ 
inch  in  diameter.  They  are  isolated  with  difficulty,  and  are 
very  irregular  in  their  form.  The  nuclei  mea&ure  about 
Y^  of  an  inch/  The  medullar}"  substance  is  peooliarly 
rich  in  vessels  and  nerves. 


^  Gbakdhy,  op,  oi/.,  IK  892.  H.  GruDdrv  mftkea  three  lajere  in  Uia  oorlloal 
iubalanee ;  but  theae  he  found  more  di«ttnct  in  the  inferior  uiini&la  Umui  In 
toMXL  The  external  l&yer  is  composed  of  one^  two^  or  three  rowA  of  rounded  or 
OToid  closed  vesicles ;  the  aeeond  Itjer  is  formed  of  tubed ;  &nd  the  third  kjvr 
is  composed  of  eiemcnts  like  those  coDtain«>d  m  the  tubes,  but  not  encloted 
either  iu  tubes  or  vesicles.  This  division  into  three  lOUc*  had  preTioual?  bc«a 
mmd^  by  Arnold  {Journal  of  Ai*atomy  and  Phymalo^^^  London  tad  Cambridge^ 
1867,  Tol  i.,  pi.  147;  from  Vibchow's  Archiv,  January,  18dfi)(. 

*  Loi^^cit.  *  Op.  cU.,  pp.  232,  898. 
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Tmei$  andNervea, — The  blood-vessels  going  to  tlie  supra- 
renal capsules  are  very  numerouB,  and  are  derived  from  the 
aorta,  the  phrenic,  the  co^liac  axis,  and  the  renal  artery.  Some- 
times as  many  as  twenty  distinct  vesfiels  penetrate  the  capsule. 
In  the  cortical  substance  the  capillaries  are  arranged  in  elon- 
gated meshes,  anastomosing  freely,  and  surrounding  the 
tubes,  but  never  penetrating  theoi.  In  the  medullai-y  sulv 
stance  the  meshes  are  more  rounded,  and  here  the  vessels 
htm  a  very  rich  capillary  plexus.  Two  large  veins  pass 
oat,  to  empty,  on  the  right  side,  into  the  vena  cava,  and  on 
the  left  into  the  renal  vein.  Other  smaller  veins  empty  into 
the  cava,  the  renal,  and  the  phrenic  veins. 

The  nerves  are  very  numerouSj  and  are  derived  from  the 
semilunar  ganglia,  the  renal  plexus,  the  pneiimogastric,  and 
tk  phrenic.  Kolliker  mentifjng  that  lie  has  counted,  in  the 
liunmn  subject,  thirty-three  nervous  trunks  entering  the 
ri^bt  suprarenal  capsule.*  According  to  Grandry,  the  nerves 
pass  directly  to  the  medullary  substance,  but  here  tlieir  mode 
of  distribution  is  unknown.  In  the  medullary  matter,  how- 
ever, are  two  ganglia,  characterized  by  nerve-cells  of  the  or- 
dinary form,  and  situated  close  to  the  central  vein.* 

Xotbing  whatever  is  known  of  the  lymphatics  of  the 
supnirenal  capsules,  and  the  existence  of  these  vessels,  even, 
i*  doubtful. 

Chimical  Eeactions  of  the  Suprarenal  CapmUs, — A  few 
yeaiB  ago  it.  Vulpian  discovered  in  the  medullary  portion 
^f  the  suprarenal  capsules  a  peculiar  substance,  soluble  in 
^*ter  and  in  alcohol,  which  gave  a  greenish  reaction  with 
)^e  salts  of  iron  and  a  peculiar  rose-tint  on  the  addition  of 
'^*<iine.  lie  could  not  determine  the  same  reaction  with  ex- 
^^;ts  from  any  other  parts/     Later,  in  conjunction  with  M, 

IC2$tLiK£R,  HitmUiwh  dtr  GewebeUhrt^  Leipzig,  1867,  S.  620. 
'  Op.  fU.,  p.  4<X>. 

•  Vri.riA5,  iVW^  tur  qurlqum  rSaeUong  proprm  d  la  iubitanee  cfet  corp»  iurri* 
9.^Cofnjftt4  rmdiM,  Paris,  1856,  tome  lUiJ,,  p«  563, 
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Cloez,  lie  diBcovered  kippuric  and  tauroeliolic  acid  in  the 
capsules  of  some  of  the  herbivora.*  Other  researchee  have 
been  made  into  the  chemistry  of  these  bodies,  but  without 
results  of  any  great  physiological  importance. 


Slate  of  OUT  KnoiCfUdge  concerning  the  Functions  of  the 

Suprarenal  Capmles. 

In  1855,  the  late  Dr.  Addison,  of  Guy's  Hospital,  pub- 
lished a  remarkable  memoir  on  a  peculiar  disease  which  he 
had  found  connected  with  disorganization  of  the  suprarenal. 
capsules.  This  disease,  sometimes  called  Ad Jison's  disease, 
is  cliaracterized  by  bronzing  of  the  skin,  and  is  accompanied 
by  serioufi  disorders  in  nutrition.  It  was  supposed  to  be  in- 
variably fatal.  Tlie  peculiai*  discoloration  of  the  surface* 
attended  with  disorgauization  of  the  suprarenal  capsules^  led 
physiologists  to  suppose  tliat,  perhaps,  these  bodies  had  some 
function  connected  with  the  formation  of  pigment ;  and,  fol- 
lowing the  publication  of  Dr.  Addison's  memoir,  we  find 
quite  a  iinmber  of  experiments  on  animals,  consisting  chiefly  i 
in  extirpation  of  the  capaiUes.  Before  this  time  there  had 
been  no  reasonable  theory,  even,  of  the  probable  fiinction  of 
these  bodies.  As  our  first  ideas  of  tlie  relations  of  the  supra- 
renal capsules  to  the  formation  of  pigment  were  derived  from 
cases  of  disease,  it  may  not  be  out  of  place  to  consider  briefly 
whetlier  there  he  any  invariable  and  positive  connection  he* 
tween  structural  change  in  those  organs  and  the  affection 
known  under  the  name  of  bronzed  skin. 

In  the  memoir  by  Dr,  Addison,  are  reporteil  eleven  eases 
of  ancemia,  accompanied  with  bronzing  of  the  skin,  termi- 
nating fatally,  and  found,  after  death,  to  be  attended  with 
extensive  disorganization  of  the  suprarenal  capsules.*    The 

^  Clou  rr  TutPrAic,  Note  nttr  rcxktence  det  aeklm  hq>pMrijue  tt  <Aoleiqu$ 
4an$  Im  eorps  mrrSH^tUs  dn  anwutrix  heHtitH>rt$. — Cpmpks  rmdw.  Parts,  1857, 
tome  xly.,  p.  840. 

*  jLvntaon^  On  the  CotudUutvmal  and  Local  EffseU  of  DmoH  of  tht  Atpr^ 
Renal  Oapmla^  London,  1855. 
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these  cases  attracted  a  great  deal  of  attention 
among  physiologists  as  well  as  pathologistB.  A  year  later, 
Prof,  I,  E,  Taylor,  of  Belle\^e  Hospital,  reported  seven 
cases  of  bronzed  skin,  in  two  of  which  the  diagnoBis  of 
disease  of  the  suprarenal  capsiileB  was  verified  by  post- 
mortem examination*'  Attention  now  being  directed  to  this 
peeaUar  condition  of  the  system,  accompanied  with  discol- 
oration of  the  skin,  numerous  cases  were  reported^  from  time 
to  time,  but  some  of  them  did  not  fully  carry  out  tlie  views 
of  Dr*  Addison.  In  1S5S,  I>r,  Ilarley,  in  connection  with 
his  elaborate  research*^  into  the  anatomy  and  physiology  of 
the  suprarenal  capsules,  cited  several  cases  of  the  so-called 
Ad(lison's  disease,  unaccompanied  Tivitli  any  disorganization 
of  the  capsules,  and  also  several  instances  in  which  the  cap- 
sules were  seriously  invaded  l>y  disease,  without  any  bronzing 
of  the  skin.'  Perhaps  the  most  extensive  collection  of  cases, 
however,  taken  from  a  great  number  of  authorities,  is  given 
by  Dr,  Greenhow,  in  a  recent  work  on  Addison's  disease. 
Dr.  Green  how  is  appai-ently  convinced  that  the  connection 
between  the  constitutional  symptoms  and  discoloration  of 
the  skin,  described  by  Addison,  and  disorganization  of  the 
suprarenal  eapsides  is  well  established.  He  reports  one 
hundred  and  ninety-six  cases ;  and,  out  of  these,  he  selects 
one  hundred  and  twenty-eight,  as  fair  representatives  of  Ad- 
dison's disease,'  There  are  several  cases  (ten)  in  which  there 
was  bronzing  of  the  skin,  the  suprarenal  capBules  being  per- 
fectly healthy ;  but  in  only  one  of  these  were  there  any  of  the 

'  TaTLOR,  7%e  8»inbumt  AppfamnM  of  Ih/^  Skin  a»  an  early  IHagno^ie  Sj/mp- 
ftm  9f  B^pm^Rmed  G^mde  DiKtise. — Eepritited  from  the  New  T0rk  Jaumal  &/ 

*  H4ttuT,  An  M^Mrimtniai  Inquiry  into  the  IfUneiiona  0/  tha  St^ra^Rmal 
Captmi^  and  thtir  SuppoMii  Cmmexkm  vfith  Bronttd  Skin. — Britith  and  Foreign 
MmlitKy-Chirurffiml  Jlnnmt^  London,  1858,  vol  ud.,  pp,  204,  498,  Shortly  Mttet 
tiiM«  p«p«M  appetired^  w«  made  an  editorial  luialysU  of  tbem,  la  eoiuuiction 
nitli  tbe  r«oent  ob«errfttioiiB  of  MM.  Browa-B^qiurd,  Martin>Mtgro]i,  Grutiolet, 
mad  FIdfipeiiiz,  ia  the  Baffah  Mtdieal  Journal  (a«e  toI  xiii.f  lasB,  p.  575,  and 
tot  xK»  pt  175). 

'  G&ciL!(uow,  On  Addi»(»i*i  I>i§ea»e,  London,  lSft6,  p*  47^  ti  M}.. 
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characteristic  constitutional  svmptoms.*  There  are  twenty- 
two  cases  cited  of  cancer  of  the  suprarenal  capsules,  not  one 
of  wliich  presented  the  characteri&tic  constitutional  symp- 
toms, seven  only  presenting  some  slight  discoloration  of  the 
skin.* 

Without  discussing  this  subject  more  fully,  it  seems  justi- 
fiable to  adopt  the  opinion,  entertained  by  many  patliologists, 
that  there  is  a  connection  between  bronzed  skin  accompa- 
nied with  certain  grave  conBtitntional  symptoms,  and  disor- 
ganization of  the  suprarenal  capsules,  which  is  frequent  but 
not  invariable ;  but  it  ia  not  established  that  the  destruction 
of  the  capsules  stands  in  a  causative  relation  to  the  discolor* 
ation  or  to  the  constitutional  disturbance.  It  is  more  interest- 
ing to  us,  however,  to  know  that  the  investigations  into  these 
diseased  conditions  have  developed  little  or  nothing  of  impor- 
tance concerning  the  physiology  of  the  suprarenal  capsules. 

EMirpathn  of  the  Suprarenal  Capsules. — There  are  two 
important  questions  to  be  settled  by  the  removal  of  the  supra- 
renal capsules  from  living  animals.  The  fij^t  is,  whether  or 
not  these  organs  are  essential  to  life ;  and  the  second  ia,  to 
determine  the  consequences  of  their  removal,  as  exhibited  in 
modifications  ot  the  animal  functions.  The  first  experi- 
ments on  this  Bubjectj  by  Dr.  Brown-S^quard,  seemed  to 
show,  not  only  that  the  suprarenal  capsules  are  essential 
to  life,  but  that  they  have  an  important  function  connected 
with  the  development  of  pigment*  These  experiments  were 
in  a  measure  complementary  to  the  pathological  observations 
by  Dr,  Addison. 

Are  the  suprarenal  capsules  essential  to  life  ?  This  ques- 
tion can  be  answered  in  a  very  few  words.  Dr.  Brown- 
Sequard,'  in  his  first  experiments,  removed  one  and  both 

»  Op.  ^t,  p.  49.  *  Op.  eii.,  p.  50. 

'  BitowN'SEqcTAJiD,  Ht^grt^  tagtMrnanUalM  twr  laph^oioffit  H  2a  ptiikBkgk 
de»  corps  mrrvnak».*^Archit^et  gmSraUt  de  mideeine,  Puris,  185<l|  Sine  i4iift» 
tome  vUf.,  pp.  8S5^  572. 
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capsules  in  rabbits,  Guinea-pigB,  dogs,  and  cats,  and  tbe  ani- 
^alfi  died  in  the  course  of  two  or  tliree  days.    He  also  noted 
^Teral  peculiar  resulte,  as  turning,  and  contraction  of  the 
pupil,  wlien  one  capsule  had  been  extirpated,  and  the  de* 
"^^lopment  of  peenliar  crj^stak  in  the  blood,     M,  Gratiolet 
^^Bjeated  the^e  experiments,  and  ascertained  tliat  the  left 
0»pinile  could  be  removed  with  impunity,  while  extirpation 
of  the  right  was  alwa3"6  fatal."    M.  Pfaihpeaux  added  a  num- 
ber of  observations,  experimenting  chiefly  on  rats  and  taking 
great  care  to  disturb  the  adjacent  organs  as  little  as  possible. 
-A^  tbe  result  of  these  exj>eriment8,  he  concluded  that  the 
Oapenles  were  not  essential  to  life.     Of  four  rats  operated 
nyoa  in  this  way,  three  died,  aa  PhiHpeanx  supposed,  of 
cold,  the  first  in  nine  days,  the  second  in  twenty-three  days, 
and  the  third  in  thirty-four  days.     One  was  alive  and  well 
'^'lien  the  report  was  made,  although  the  capsules  had  been 
removed  for  forty*nine  days.'    The  views  first  advanced  by 
Dr.  Brown-S^quard  were  reiterated  by  him  in  a  memoir 
published  in  the  Journal  de  la  j^hi/awhffis,  in  1858,  with  the 
modification   that  the  capsules  might  have  no  important 
Enactions  in  animals  without  pigment,  as  Tvhite  rabbits  and 
^atg,  bat  that  they  were  indispent^jible  to  the  life  of  animals 
Jiot  albinos/     These  views,  however,  were  farther  disproved 
^y  Dt,  Harley,  who  made  experiments  upon  a  variety  of 
animals,  albinos  and  colored,  with  the  most  satisfactory  re- 
®*dt8.    Two  Guinea-pigs  were  ex|)erimented  upon  by  Dr. 
Parley,  in  the  following  way ;   In  one  the  abdomen  was 
**P^ned,  and  the  amonnt  of  injury  which  the  parts  would 
®^er  by  removal  of  the  suprarenal  capsules  was  inflicted, 
^^  wound  was  closed,  and  the  capsules  allowed  to  remain ; 
^^  the  other,  of  the  same  age,  sex,  and  development,  was 

'  GtATiOLKT,  I^<*U  imr  let  fffetx  qui  suiveni  VfjJ>htion  dot  capmtta  turrhudea,— 
^^jj<«  rmdui^  Parie,  1866,  tome  xliil,  p.  469. 

'  Phiupeacx^  Noifwur  texlirpation  de»  capmlet  iurr^nala  chcM  Im  rats  albino*, 
""^Oorwptei  reiM?ujr,  Furifl,  1856,  tome  xtiSL,  j>,  904. 

^  Brown -Skqcakd,  N6ui*etl*i  rechenhei  fur  Vimpartante  da  fondum*  dea  ^ap' 
^**^  fnrrh%ak§. — Journai  de  hphtfdotoffif^  Paris,  1868,  tome  i.,  p.  160,  «t  #*y. 
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deprived  of  the  capsule  on  the  corresponding  aide.     Both 
animals  died  within  twenty-four  hours.    Dr.  Harley,  among-j 
other  experimentiSj  took  out  both  capsules  from  a  piebald  rat. 
The  left  was  removed  bix  weeka  after  the  right.     The  ani- 
mal entirely  recovered  and  became  fat  and  healthy  looking,' 

In  such  a  question  as  this,  negative  experinienta  are  of 
little  account ;  and  the  instances  in  which  animals  have  re- 
covered and  Uved  perfectly  well  after  removal  of  both  Bupra* 
renal  capsules  show  conclusively  that  they  are  not  essential 
to  life.  Death  ha&  probably  been  due,  in  most  of  the  experi- 
ments, to  injury  of  the  semilunar  ganglia,  as  stiggeeted  by 
Dr.  Ilarley,  and  it  is  probably  on  account  of  the  greater  in- 
jury, from  the  situation  of  the  capsule,  produced  by  opera- 
ting on  the  right  side,  that  the  removal  of  the  cap&nle  on  that 
Bide  is  more  generally  fatal. 

It  is  not  necessary  to  take  account,  in  this  connection,  of 
the  contraction  of  the  pupil,  "  turning^'  and  other  s^'mptoma 
referable  to  the  nervous  system,  which  have  sometimes  fol- 
lowed tlie;>e  operations.  These  phenomena  are  undoubtedly 
due  to  injury  of  adjacent  parts,  and  not  to  extirjiation  of  the 
capsules.  Tlie  only  remaining  question  to  determine  is 
whether  the  capisules  have  any  thing  to  do  with  the  formation 
or  change  of  pigment*  Notwithstanding  the  assertion  of 
Dr.  Brown-S6qnard,  that  flakes  of  pigment  and  blood-crys- 
tals differing  from  those  found  in  normal  Ijlood  are  found  in 
animals  deprived  of  the  suprareual  capsules,  this  view  is 
adopted  l>y  few  physiologieal  authorities.  Longot  cites 
the  oy)servatious  of  Martin-Magron,*  who  examined  daily, 
with  the  greatest  care,  the  blood  of  a  cat  that  lived  two 
months  after  extirpation  of  the  capsules,  and  could  never 
determine  tlie  pigmentary  matters  described  by  Brown- 

*  HARtKY,  An  Eitperimeniat  Inquiry  into  the  F^nctiont  of  the  Supra^Heiud 
Cap&ultn,  and  their  Suppoard  Connexion  wiih  Bronzed  Skin. — BrUuh  and  Forei^ 
Mtdito-Chirurffical  Eet>iew^  London,  1868,  vol  xxi.,  p.  204,  ei9e^. 

*  LoxoET,  Traiit  de  phifitiof*)^ie^  Paris,  1869,  tome  ii.,  p,  892.  It  does  not 
appear  from  Uiis  quota  lion  that  the  eiperimenta  of  Mftrtm-Magron  were  erer 
published  elsewhere* 
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66quard.  Dr.  Harley,  also,  in  one  of  the  experiments 
in  which  the  animal  died,  failed  to  find  pigmentary  mat- 
ter/ 

In  view  of  these  facts,  and  in  the  absence  of  comparative 
examinations  of  the  blood  going  to  the  euprarenal  capsules 
by  the  arteries  and  returned  from  tliem  by  the  veins^  it  is 
impossible  to  assign  any  definite  function  to  the^e  bodies,  and 
it  is  certain  that  they  are  not  essential  to  life.  Their  greater 
relative  size  before  birth  has  led  to  the  suppos^ition  that  they 
might  have  an  important  office  in  intra-nterine  life,  but  tlds 
is  a  pure  hjT>othesis,  based  upon  no  positive  knowledge. 


Thyroid  Gland, 

The  history  of  this  gland  belongs  abiiost  exclusively  to 
descriptive  anatomy ;  and  its  only  physiological  interest  is 
in  the  similarity  of  its  structure  to  that  of  the  other  ductless 
glands.  It  has  no  excretory  duct.  It  is  attached  to  the 
lower  part  of  the  lar}Tix,  follomng  it  in  its  various  move- 
ments. Its  color  is  brownish-red.  The  anterior  face  is  con- 
T©x,  and  is  covered  by  certain  of  the  muscles  of  the  neck. 
The  posterior  surlace  is  concave,  and  is  applied  to  the  larynx 
and  trachea.  It  is  formed  of  two  lateral  lobes,  with  a  rounded, 
thickened  base  below,  and  a  long,  pointed  extremity  extend- 
ing upward,  connected  by  an  isthmus.  Each  of  these  lobes 
ifi  about  two  inches  in  length,  thi^ee-qnarters  of  an  inch  in 
breadth,  and  about  the  same  in  thickness  at  its  thickest  por- 
tion. The  ii^tlimus  connects  the  lower  portion  of  the  lateral 
lobeta^  It  covers  the  second  and  third  tracheal  rings,  and  is 
about  half  an  inch  wide  and  one-third  of  an  inch  thick.  From 
the  left  side  of  the  isthmus,  and  sometimes  from  the  left  lobe, 
ia  a  portion  projecting  upward,  called  the  pyramid.  The 
weight  of  the  thyroid  gland,  according  to  Sappey,  is  frum 
three  himdred  and  fifty  to  three  hundred  and  eighty  grains. 
It  fc  nsoally  stated  by  anatomical  writers  that  it  is  relatively 
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larger  in  the  foetus  and  in  early  life,  than  in  the  adult ;  but 
Sappejj  from  hie  own  researches^  is  disposed  to  believe  that 
its  weight,  in  proportion  to  the  weight  of  the  adjacent  organ% 
does  not  vary  with  age.'  It  is  a  little  larger  and  more  promi' 
nent  in  the  female  than  in  the  male. 


t 

1 


Structure  of  the  Thjroid  Glmid. — The  gland  is  covered 
with  a  thin  but  resisting  coat  of  ordinary  fibrous  tiseuej  which 
is  loosely  connected  with  tlie  surrounding  parts.  From  the 
internal  surface  of  this  membrane  are  numerous  fibrous  bands, 
or  trabecule,  giving  off,  as  they  pass  through  the  gland,  sec- 
ondary trabeculae,  and  then  subdividing,  until  they  become 
microscopic.  By  this  arrangement,  the  gland  is  divided  op 
into  communicating  cells,  like  a  sponge.  These  bands  are 
minj^led  with  nimierous  small  elastic  fibres.  Throughout 
the  substance  of  the  gland,  lodged  in  the  meshes  of  the  tr»- 
beculfle,  ai*e  numerous  rounded  or  ovoid  closed  vesicles,  meas- 
uring from  -jJtt  *<^  i+ff  ^^  ^^  inch.  These  are  forme<l  of 
a  structureless  membrane,  and  lined  by  a  single  layer  of  pale, 
granular,  nucleated  cells,  from  xoW  ^^  Winr  ^^  ^^  ^^^^  '^^ 
diameter/  The  layer  of  cells  sometimes  lines  the  vesicle 
completely,  sometimes  it  is  incomplete,  and  sometimes  it  is 
wanting.  The  contents  of  the  vesicles  are  a  clear,  yellowish, 
slightly  viscid,  albuminoid  fluid,  with  a  few  granules,  pale 
cellS|  and  nuclei.  Robin  has  described  in  these  vesicle  some 
curiously-shaped,  translucent,  feebly-refracting,  colorless 
bodies  which  he  has  called  syrapexions;  but  little  is  known 
of  their  constitution  or  properties/  The  vesicles  are  arranged 
in  little  collections  or  lobes,  with  the  great  veins  passing  be- 
tween them. 

Vesseh  and  iV>r*?e*. — The  blood-vessels  of  the  thyroid 
gland  are  very  numerous,  it  being  supplied  by  the  superior 

*  SafpkTi  Traiif  d'anaiomie  deteripHm,  Paris,  1S5T,  tome  iit^  p.  447. 

*  KttLt.tKX»,  ffur^dbuch  der  G^wtMtKrt  4(9  Mm»chm,  Leil^g,  1S67,  S.  4BL 

*  Ltnmi  xt  Roeijr,  Didiwmmrt  dt  mSdteme^  Pftiis,  1S65,  Articlei|  Sfi^ 
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and  inferior  thyroid  arteries,  and  sometimes  a  branch  of  the 
umominata.  The  arteries  break  np  into  a  close  capillary 
])lexus,  surrounding  the  vesicles  with  a  rich  net-work,  but 
never  penetrating  their  interior.  The  veins  are  large,  ancl, 
like  the  hepatic  veins,  are  so  closely  adherent  to  the  sur- 
rounding tissue,  that  they  do  not  collapse  when  cut  across. 
The  veins  emerging  from  the  gland  form  a  plexus  over  its 
surface  and  the  surface  of  the  trachea,  and  then  go  to  form 
the  superior,  middle,  and  inferior  thyroid  veins.  The  nerves 
are  derived  from  the  pneomogastric  and  tlie  cervical  Bjjnr 
pathetic  ganglia.  The  lymphatics  are  numerous,  hut  are 
difficult  to  inject.  The  exact  distribution  of  the  nerves  and 
the  origin  of  the  lymphatics  are  not  well  understood. 

Stats  of  our  Knowledge  concerning  the  F'ttrictiona  of  the 
Thyroid  Glatid. — It  is  generally  admitted  that  the  thyroid 
gland  may  be  removed  from  animals  without  interfering 
with  any  of  the  vital  functions ;  and  this,  taken  in  connec- 
tion with  the  fact  that  it  is  so  often  diseased  in  the  human 
subject,  without  producing  any  general  disturbance,  allows 
that  its  fonction  cannot  be  very  important.  Xothing  of  im- 
portance has  been  learned  from  a  chemical  analy&is  of  its 
substance.  The  blood  of  the  thjToid  veins  has  been  analyzed 
by  Colin  and  Bertbelot,  bat  the  changes  in  its  composition 
in  passing  through  the  gland  are  slight  and  indefinite,*  An 
instance  is  quoted  by  Longet  of  periodical  enlargement  of 
the  gland  in  a  female  during  menstruation,*  but  there  is  no 
evidence  that  this  is  of  constant  occurrence. 


Thymus  Gland. 

The  anatomy  of  the  thymua  assimilates  it  to  the  ductless 
glands,  but  its  function,  whatever  it  may  be,  is  confined  to 
emrly  life.  In  the  adult  the  organ  is  wanting,  traces,  only, 
of  fibrous  tissue,  with  a  little  fat,  existing  at\er  puberty  in 

'  CoLiK,  Tratii  di  phy&iohgU  eompari*^  Pajis,  ISOfl,  torn©  U,,  p.  479. 
•  LoKOXT,  Trmti  diphymlogie^  Paris,  IM%  tome  U.,  p.  898. 


8EC£ETI02f, 


the  situation  previously  occupied  by  this  gland.  A^  theie 
never  has  been  a  plausible  theory,  even,  of  the  fimetioii  of 
this  organ,  the  existence  of  which  is  confined  to  the  first  two 
or  three  years  of  life,  we  shall  abstain  from  all  discussions 
with  regard  to  minnte  points  in  its  anatomy,  and  give  a  sim- 
ple sketch  of  its  stnictnre,  as  compared  with  the  ductles^i 
glands  already  considered* 

The  thymus  appears  about  the  third  month  of  foetal  life, 
and  gradually  increases  in  size  until  about  the  end  of  tlie 
second  year.  It  then  undergoes  atrophy,  and  disappears  al- 
most entirely  at  the  age  of  pul>erty.  It  is  situated  partly  in 
the  thorax  and  partly  in  the  neck.  The  thoracic  portion  k 
in  the  anterior  mediastmum,  resting  upon  the  pericardium^ 
extending  as  low  as  the  fourth  costal  cartilage.  The  cervical 
portion  extends  upward  as  far  as  the  lower  border  of  the 
thyroid.  The  whole  gland  is  about  two  inches  in  length, 
one  and  a  half  inches  broad  at  its  lower  portion,  and  about 
one-quarter  of  an  inch  thick.  Its  color  is  grayish^  with  a 
slightly  rosy  tint.  It  is  usually  in  the  form  of  two  lateral 
lobes,  lying  in  apposition  in  the  median  line,  though  some- 
times there  exists  hut  a  single  lobe.  It  is  composed  of  nu- 
merous lobules,  held  together  by  fibrous  tissue. 

The  proper  coat  of  the  thjinus  is  a  delicate  fibrous  mem- 
brane, sending  processes  into  the  interior  of  the  organ.  Ita 
fibrous  structure,  however,  is  loose,  so  that  the  lobules  can 
be  separated  with  little  difficulty.  Portions  of  the  gland 
may  be,  as  it  were^  unravelled,  by  loosening  the  interstitial 
fibrous  tissue.  In  this  way  it  will  be  found  to  be  eoraposed 
of  numerous  little  lobular  masses,  attached  to  a  continuous 
cord.  This  arrangement  is  more  distinct  in  the  inferior  ani- 
mals of  large  size  than  in  man.  The  lobules  are  composed 
of  rounded  vesicles,  from  ten  to  fifteen  in  number,  and  fix>m 
-j^i  to  ^  of  an  inch  in  diameter.  The  walk  of  these  vesicles 
are  thin,  finely  granular,  and  exoessively  fragile.  The  vehi- 
cles contain  a  small  quantity  of  an  albuminoid  fluid,  with 
cells  and  free  nuclei.     The  cells  are  small  and  transparent. 
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and  the  nuclei,  spherical,  relatively  large,  and  containing  from 

one  to  three  nucleoli.  The  free  nuclei  are  also  rounded  and 
contain  several  disitinct  nncleoli*  These  vehicles  are  easily 
ruptaredj  when  their  contents  exude  in  the  form  of  an  opa- 
lescent fluid,  sometimes  called  tlie  thymic  juice. 

Anatomists  are  somewhat  divided  in  their  opinions  with 
^^regard  to  the  structure  of  the  central  cord  and  lohnlcs.  Some 
^^bdopt  the  view  advanced  hy  Sir  Astley  Cooper,'  that  the  cord 
I  has  a  central  canal,  connected  with  cavities  in  the  lobules ; ' 
I  while  others  believe  that  the  cavities  thus  described  are  pro- 
I  daced  artificially,  by  the  processes  employed  in  anatomical 
I  investigation.'  The  latter  opinion  is  the  latest,  and  is  prob- 
^^wably  correct. 

^^r  The  blood-vessels  of  the  thy:mus  are  numerous,  but  their 
caliber  is  small,  and  the  gland  is  not  very  vascular.  They 
are  derived  chiefly  from  the  internal  mammary  artery,  a  few 
coming  from  the  inferior  thyroid,  the  superior  diaphragmatic, 
or  the  pericardial.  They  pass  between  the  lobules,  surround 
and  penetrate  the  vesicles,  and  form  a  capillary  plexus  in 
their  interior.  The  vesicles,  in  this  respect,  bear  a  certain 
resemblance  to  the  closed  follicles  of  the  intestine.  The  veins 
are  also  numerous,  but  they  do  not  follow  the  course  of  the 
arteries^  The  priiicipal  vein  emerges  at  about  the  centre  of 
the  gland,  posteriorly,  and  empties  into  the  left  brachio- 
^^^phalie.  Other  small  veins  empty  into  the  internal  mam- 
^ftnary,  the  superior  diaphragmatic,  and  the  pericardial.  A 
few  nervous  filaments  from  the  sympathetic  system  surround 
the  principal  thymic  artery,  and  penetrate  the  gland.  Their 
ultimate  distribution  is  uncertain.  The  lymphatics  are  very 
numerons/ 

Inasmuch  as  the  thymus  is  peculiar  to  early  life,  one  of 

*  CooFKRi  Anatmnif  of  the  Thymm  Gland^  London,  1882^  p.  2C,  H  ueq. 

•  O^d^pctJiA  «/  Ajuttomif  and  Phffmoh^,  LondoQ,  1S49-1852,  vol  ir.,  Purt 
a,,  p.  1087.  Article,  Thymm, 

•  SAfTtT,  Traits  (TanatofnU  dncriptiw^  Pftris,  18JS7,  tome  iiL,  p.  466,  and 
hrmJt  tt  RoBix,  Dkti&nnaift  de  nUdtdne^  FftHs,  1855,  ArticJe^  Thymm, 

*  KuLLrKCK,  ffamdbt*ek  dtr  GeiDthtleArt  det  Mcntchm^  Lelpcig,  1S67,  8.  4S5. 
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the  most  interesting  points  in  its  anatomical  history  relates 
to  its  mode  of  development.  This,  however,  does  not  pre- 
sent any  great  physiological  importance,  and  is  fully  treated 
of  in  works  upon  anatomy,* 

Pituitary  Body  and  Pineal  Ghnd. 

These  little  bodies,  situated  at  the  base  of  the  brain,  are 
quite  yascnlar,  contain  closed  vesicles  and  but  few  nervous 
elements,  and  are  sometimes  classed  with  the  ductless  glands. 
Physiologists  have  no  idea  of  their  function. 

The  pituitary  body  is  of  an  ovoid  form,  a  reddish-gray 
color,  weighs  from  five  to  ten  grains,  and  is  situated  in  the 
sella  turcica  of  the  sphenoid  bone.  It  is  said  to  be  larger  in 
the  fcEtus  than  in  the  adult,  and  at  that  time  has  a  cavity 
communicating  with  the  third  ventricle.'  Ecker  describes  it 
as  containing  the  elements  of  a  Wood-gland.*  This  little  body 
has  lately  been  studied  by  M.  Grandry,  in  connection  with 
the  suprarenal  capsules.  He  regards  it  as  essentially  com- 
posed of  closed  vesiclas,  with  fibres  of  connective  tissue  and 
blood-vessels.  The  vesicles  measure  from  ^-^  to  y^t  ^^  *^ 
inch  in  diameter.  They  are  formed  of  a  transparent  mem- 
brane, containing  irregularly-polygonal,  nucleated  ceUs,  and 
free  nuclei.  The  cells  are  from  ^^^  to  jtVtt  ^^  ^^  ^^^^  ^ 
diameter.  The  nuclei  are  distinct,  with  a  well-marked  nu- 
cleolus, and  measure  about  -^-^  of  an  inch.  Capillary  ves- 
sels surround  these  vesicles,  without  penetrating  them.  M, 
Grandry  did  not  observe  either  nerve-cells  or  fibres  between 
the  vesicles/    In  old  subjects  he  found  the  peculiar  concre* 

<  For  the  hietory  of  the  development  of  the  thjTnuSj  the  reader  U  referred 
to  ipecial  ire&tiHea.  A  very  full  ac4?atmt  of  its  developmcat  ia  given  bj  Dr. 
Haodficld  Jonea»  ia  the  C^Iopadia  of  Anaiom^  and  PAywo/o^y^  Loiidon,  1849- 
1852,  ToL  Iv.,  Part  il,  p.  1087,  et  aeq. 

•  Gray,  Anaiomy^  Deuenptive  and  Sur^cal^  Philadelphia,  1B62,  p.  519, 

*  EcKKRi  in  WA05rERt  Ihndt^orterbueh  der  Phiftiolcffie,  BrmunBchwoig,  ISM, 
B4  iv.,  a  161. 

<  GRAirriiT,  Olande  pttuUairt, — Journal  de  PanatamU^  Paris,  1867,  tome  iv^ 
p.  400,  «r  teg. 
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tions  (eyxnpexions)  already  described  as  existing  in  the  thy- 
roid.* 

The  pineal  gland  is  situated  just  behind  the  posterior 
commissure  of  the  brain,  between  the  nates,  and  is  enclosed 
in  the  velum  interpositum.  It  is  of  a  conical  shape^  one- 
third  of  an  inch  in  length,  and  of  nearly  the  color  of  the 
pituitary  body.  It  is  connected  with  the  base  of  the  brain 
by  several  delicate  commissural  peduncles.  It  presents  a 
small  cavity  at  its  base,  and  frequently  contains  in  its  sub- 
stance  little  calcareous  masses,  composed  of  phosphate  and 
carbonate  of  lime,  phosphate  of  magnesia  and  ammonia,  and 
a  small  quantity  of  organic  matter.'  ^  It  is  covered  with  a 
fibrous  envelope,  which  sends  processes  into  its  interior.  As 
the  result  of  the  researches  of  M,  Grandry,  it  has  been  found 
to  present  a  cortical  substance,  entirely  analogous  in  ita 
atmcture  to  the  pituitary  body,  and  a  central  portion,  com- 
posed of  the  ordinary  nervous  elements  found  in  the  gray 
matter  of  the  brain.  Its  structure  is  regarded  by  Grandry 
as  very  like  that  of  the  medullary  portion  of  the  suprarenal 
capsules.* 

It  is  difficult  to  classify  organs,  of  the  function  of  which 
we  are  entirely  ignorant;  but  the  structure  of  the  little 
bodies  just  described  certainly  resembles  that  of  the  duct- 
lees  glands.  We  have  only  indicated  their  anatomy  to  show 
that  their  function  is  probably  analogous  to  that  of  the  other 

iUB  of  the  same  class* 


*  6ee  {Mfi^  860.  *  GraTi  op,  ejf.,  p.  628, 

*  Gkjjidrt,  Glaryk  pinSaitk — Jimmai  de  tarudomie^  Paria,  1867,  tome  St.,  pi 
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NUTBTTION. 

Nature  of  the  forces  InrolTed  in  natrition^-ProtoplBsni — ^DefinitioQ  of  rital 
properties — Life,  as  represented  in  derelopment  and  nutrition — ^PrindpleB 
which  pass  through  the  organism — ^Principles  consumed  in  the  organism— 
Nitrogenised  principles — Derelopment  of  power  and  endurance  by  exercise 
(Training)— Non-nitrogenised  principles — ^Formation  and  deposition  of  fat 
— Conditions  under  which  fat  exists  in  the  organism — ^Physiologica]  anatomj 
of  adipose  tissue — Ckmditions  which  influence  nutrition — ^Products  of  dis- 
assimilation. 

Nutrition  proper,  in  the  light  in  which  we  propose  to 
consider  it  in  this  chapter,  is  the  process  by  which  the  phys- 
iological decay  of  the  tissues  and  fluids  of  the  body  is  com- 
pensated by  the  appropriation  of  new  matter.  All  of  the 
physiological  processes  that  we  have  thus  far  studied,  in- 
cluding circulation,  respiration,  alimentation,  digestion,  ab- 
sorption, and  secretion,  are  to  be  viewed  in  the  light  of 
means  directed  to  a  single  end ;  and  the  great  function,  to 
which  all  the  others  are  subservient,  is  the  general  process 
of  nutrition. 

The  nature  of  the  main  forces  involved  in  nutrition,  be 
it  in  a  highly-organized  part,  like  the  brain  or  muscles,  or  a 
tissue  called  extra-vascular,  like  the  cartilages  or  nails,  is 
unknown.  The  phenomena  attending  the  general  process, 
however,  have  been  studied  most  carefully,  and  certain  im- 
portant positive  results  have  been  attained  ;  but  we  find  no 
more  satisfactory  explanation  of  the  nature  of  the  causative 
force  of  nutrition  in  the  doctrines  of  to-day  than  in  the 
speculative  theories  of  Pythagoras. 
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We  can  hardly  realize  the  vast  extent  of  the  problem  of 
nutrition  from  a  review  of  the  fanctions  which  we  liave  al- 
ready considered.  We  have  seen  that  the  blood  contains  all 
the  elements  that  enter  into  the  comp^^sition  of  the  tissues  and 
secretions,  either  identical  with  thera  in  form  and  composition, 
IB  the  case  with  the  inorganic  principles,  or  in  a  condition 
wiich  aDows  of  their  transformation  into  the  characteristic 
principles  of  the  tissues,  as  we  see  in  the  organic  substances 
proper.  The^e  materials  are  supplied  to  the  tissues,  in  the 
required  quantity,  through  the  circulatory  apparatus;  and 
tlie  oxygen,  wliich  is  immediately  indispensable  to  all  the 
operations  of  life,  is  introduced  by  respiration.  The  great 
nutritive  fluid,  being  constantly  drawn  upon  by  the  tissues 
fur  materials  for  their  regeneration,  is  kept  at  the  proper 
standard  by  the  introduction  of  new  matter  into  the  system, 
m  aliiaentation,  its  elaliorate  preparation  by  digestion,  and 
its  appropriation  by  the  fluids  by  absorption.  These  pro- 
,  ceeaes,  many  of  them,  require  the  action  of  certain  secre- 
^Hbng.  The  introduction  of  new  matter,  so  essential  to  the 
Continuance  of  the  phenomena  of  life,  is  demanded,  on  ac^ 
count  of  the  change  of  the  substance  of  the  tissues  into  what 
Recall  eflete  matter;  and  this  is  discharged  from  the  animal 
<Jiganism,  to  be  appropriated  by  vegetables,  and  thus  main- 
toi  the  equilibrium  between  these  two  great  kingdoms  in 
^^ature. 
^K  What  is  it  that  causes  the  parts  of  a  living  animal  organ- 
^^p  to  undergo  cliange  into  effete  matter,  incapable  of  any 
^Btther  animal  functions ;  and  what  is  it  that  gives  to  these 
^flvta  the  power  of  &elf*regeneration,  when  new  matter  is 
BJtefiented  under  proper  conditions? 

These  questions  are  the  physiological  ignis  fatuuSj  which, 
'*  18  to  be  feared,  will  forever  elude  the  grasp  of  scientific  in- 
qiiify^  They  constitute  one  of  the  great  mysteries  ever  pres- 
^*  ia  the  minds  of  the  student  of  Xature,  and  one,  the  gran- 
<'eop  of  which  is  so  immense  that  it  is  a  problem  with  which 
^  intelligence  can  scarcely  grapple*     Its  greatness  is  com- 
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memurate  with  that  of  the  qneation  of  the  &oti1,  and  ita  reisi-  ^ 
tions  to  the  finite  and  *he  infinite ;  a  question  which  phi 
phers  have  been  constrained  either  to  admit  upon  the 
of  revelation,  or  to  hopelessly  abandon.  Little,  if  any,  real 
progress  is  to  be  made  by  endeavoring  to  cover  the  inscruta- 
ble problem  of  life  with  a  Biraplicity  entirely  artificial.  This 
will  always  be  attractive,  and,  to  a  certain  extent,  satisfac- 
tory to  the  minds  of  those  unacquainted  with  the  details  of 
natural  laws,  or  willing  to  admit  speculative  theories  upon 
subjects  concerning  which  it  is  impossible,  in  the  present 
condition  of  science,  to  have  any  po&itive  information ;  and, 
if  generally  admitted  by  biological  students,  would  carry 
our  science  back  to  the  dark  periods  in  its  history,  when  the 
study  of  Nature  was  confined  to  speculation,  and  there  ex- 
isted no  knowledge  based  upon  the  direct  observation  of 
phenomena,  A  new  name,  arbitrarily  applied  to  organic 
matter,  without  any  addition  to  its  physiological  history, 
does  not  advance  our  definite  knowledge.  For  example,  it 
has  long  been  known  that  certain  nitrogenized  constituents 
of  the  organism,  classed  collectively  as  organic  principles, 
seem  to  give  to  the  tissues  their  property  of  self-regeneration 
and  development.  It  may  seem  to  those  not  engaged  in 
scientific  inquiry  that  a  recital  of  the  wonderful  properties 
of  "  protoplasm  "  affords  some  additional  information  con- 
cemiug  the  phenomena  observed  in  organised  bodies ;  but 
tlie  true  definition  of  the  term  leads  us  back  to  our  former 
ideas  of  the  so-called  vital  properties  of  organic  matters.' 

It  is  a  well-established  fact  that  while  nearly  all  of  the 
tissues  undergo  disassimilation,  or  conversion  into  effete 
matter,  dni'ing  their  physiological  decay  in  the  living  organ- 
^m,  others,  like  the  epidermis  and  its  appendagee^  are 


'  HirxLET,  The  Phy^kal  Bn*ii  of  Uft^  New  Haren,  1869,— from  the  Fefi^ 
niffhil^  Hdiew^  for  Ji'etnmrr,  I86i>.  Thia  very  intt'TeBting  and  able  discotiree, 
delivered  originftllj  before  a  populftr  audience,  is  referred  to,  not  ub  t  s\2bject 
for  rigid  Bclentific  criticism^  but  as  forintiiAmiiii;  some  of  the  prer&kal  J 
cauceraiog  the  propertiea  of  the  soealled  protoplaanu 
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gradually  desquamated,  and,  when  once  formed,  do  not  pasa 
liiTOQgh  any  further  clmnges.  An  attempt  has  been  made 
by  Dr.  Beale  to  distinguish  in  all  the  tissues  a  matter  en- 
dowed with  the  80-calle«l  vital  properties,  which  he  calls  ger- 
minal matter,  and  a  "  formed  material,"  which  in  passive  and 
cannot  become  the  seat  of  vital  actions.'  Under  this  idea, 
the  functions  of  nutrition  and  development  are  perlbrmed  ex* 
duBively  by  germinal  matter.  This  theory  has  been  adopted 
by  few  physiologists ;  and  we  cannot  but  regard  such  a  divi- 
iion  m  purely  anatomical  and  artificial,  as  far  as  the 
phTsiology  of  nutrition  is  concerned.  It  is  hardly  more 
than  a  new  statement  of  the  old  idea  of  the  activity  of  the 
niicltus  in  the  process  of  cell-development.  We  are  not 
called  upon  to  enter  into  an  extended  diBcuBsion  of  tliifi  ques- 
tion, until  some  faets  are  brought  forward  which  would 
render  such  an  hypothesis  probable. 

The  whole  question  of  the  essence  and  nature  of  the 
nutritive  property  or  force  resolves  itself  into  vitality.  Life 
i*  always  attended  with  what  we  know  as  the  phenomena  of 
nutrition,  and  nutrition  does  not  exist  except  in  living  organ- 
isms.  When  we  can  state  positively  what  is  life,  we  shall 
tnow  something  of  nutrition.  At  present,  physiologists 
liftve  onlv  been  aide  to  define  life  bv  a  recital  of  certain  of 
its  invariable  and  charftcteris^tie  attendant  conditions;  and 
Jet  there  are  few,  if  any,  definitions  of  life^regar<iing  it  as 
the  sum  of  the  phenomena  peculiar  to  living  organisms — ^tliat 
^  not  open  to  grave  olyections. 

If  we  regard  life  as  a  principle,  it  stands  in  the  relation 
<*f  a  cause  to  the  vital  phenomena;  if  we  regard  it  as  the 
totality  of  the«e  phenomena,  it  is  an  eifect. 

If  we  study  tlie  development  of  a  fecundated  ovum,  life 
^nis  to  be  a  principle,  givTug  the  wonderful  property 
**f  appropriating  matter  from  without,  until  the  genu  be- 
^^m  changed,  from  a  globule  of  microscopic  size  and  an 
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simpk  stmctnre,  into  a  complete  oi^anism,  with 
fcte<l  parte.  This  orgsinism  has  a  ciefinite  form 
wmA  iiae,  m  de&aite  period  of  existence,  and  produces,  at  u 
^staixi  time,  generatiTe  elements,  capable  of  perpetuating 
jii  life  in  new  beings.  We  may  say  that  an  organism 
£ei  phj^Iogicallj  because  the  vital  principle,  if  we  ad- 
mit tbe  exiitence  of  a  principle,  had  a  limited  term  of 
ffiTrintrncn  Bat,  on  the  other  hand,  the  fullj-developed 
KtriB^  orgmnism,  which  we  call  an  animal,  presents  numeroos 
dbtinet  parts,  each  endowed  with  an  independent  pro]>erty 
ealleii  Tital,  that  property  recognized  by  Haller  in  various 
tMltnn*  imder  the  name  of  irritabilitv ;  and  it  15  the  coor- 
dlMled  sum  of  these  vitalities  that  constitutes  the  perfect 
beii^,  Thme  are  more  or  legs  distinct ;  and  we  do  not  com- 
mouly  observe  a  sudden  and  simultaneous  arrest  of  the  vital 
pro|>erties  in  all  the  tissues,  in  what  we  call  death.  For 
example,  the  nerves  may  die  before  the  muscles,  or  the  mue- 
dea^  before  the  nerves.  It  is  also  foimd  tliat  vital  properti< 
apparently  lost  or  destroyed,  may  be  made  to  return  ;  as 
nanicitatton  after  asphyxia,  or  the  restoration  of  muscular 
nervous  irritnhility  by  injection  of  blood. 

The  life  of  a  fecundated  ovum  is  the  property  which 
enables  it  to  imdei^o  a  certain  development  when  pkced 
midar  favorable  conditions ;  and,  by  the  surrounding  condi- 
tiaiis,  its  development  may  be  arrested,  susj^ended,  or  modi- 
fled*  The  life  of  a  non-fecundated  ovum  is  like  that  of  any 
onlinary  anatomical  element. 

The  life  of  an  anatomical  element  or  tissue  in  proeeas  of 
development  is  the  property  by  virtue  of  which  it  arrives  at  it3 
parfbotion  of  organization,  and  performs  certain  defined  fiinc- 
Itonai  a»  tar  as  its  organization  will  permit.  This  can  also  be 
diiilroyad«  susj>ended,  or  modified  by  surroimding  conditions. 

The  lift*  of  a  perfect  anatomical  element  or  tissue  is  the 
pn>p^ny  m* hich  enables  it  to  regenerate  itself  and  perform  its 
ftmetion*,  subject,  also,  to  modifications  fi'om  surrounding 
ooiidittons* 
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The  life  of  a  perfect  animal  organism  is  the  sum  of  the 

ritaJities  of  its  constituent  parts ;  but  a  being  may  live  with 

tlie  vitality  of  certain  parts  abolished  or  seriously  modified, 

a»i  man  exists  and  preserves  his  identity  with  a  limb  am- 

patited.     life  may  continue   for  a  long    time    without 

oonseiousnesa,  or  with  organs  paralyzed  or  their  fimctiou 

|Jefttn>yed ;  but  certain  functions,  such  as  respiration  or  cir- 

Hitation,  are  indispensable  to  the  nntrition  of  all  parts,  and 

^m  vitality  of  the  different  tissues  is  speedily  lost  when 

dneee  processes  are  arrested,  and  the  being  then  ceases  to 

These  considerations  make  it  evident  that  it  is  difficult, 
if  not  impossible,  to  give  a  single  comprehensive  detinition 

tlife,  a  study  of  the  varied  phenomena  of  which  con- 
tutes  the  science  of  physiology. 
The  general  process  of  nutrition  begins  with  the  intro- 
iction  of  matter  from  without,  called  food.  It  is  carried 
i  by  the  appropriation  of  this  matter  by  the  organism. 
i&  attended  with  the  production  of  excrementitious  prin- 
ciplea,  and  the  development  of  certain  phenomena  that  we 
tave  not  yet  studied,  the  most  important  of  whicli  is  the 
production  of  heat.  We  shall  have  little  to  say  about  food, 
Wood  what  we  have  already  considered  under  the  head  of 
*liinentation,  except  to  classify  the  alimentary  principles 

f'th  reference  to  their  relations  to  the  general  process  of 
Irition. 
Principles  which  pass  thrmigk  the  Orgawimn. 

All  of  the  inorganic  principles  taken  in  with  the  food 

P^  out  of  the  organism,  generally  in  the  form  in  which 

JifiT  enter,  in  the  feces,  urine,  and  perspiration ;  but  it  must 

^Pt  be  inferred  from  this  fact  that  they  are  not  useful  as  con- 

H^Qeut  parts  of  the  body.     Some  of  these  principles,  such 

^*  Water  and  the  chlorides,  have  very  important  functions 

0^  a  purely  physical  nature.     It  is  necessary,  for  example, 

"^afe  the  blood  should  contain  a  certain  proportion  of  the 
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chloride  of  sodium,  this  subBtance  modifying  and  regulating 
the  processes  of  absorption  and  probably  of  assimilation. 
In  addition^  however,  we  find  the  chloride  as  const itnent 
parts  of  every  tissue  and  organ  of  the  body,  and  so  closely 
united  with  the  nitrogenized  principles,  that  they  cannot  be 
completely  separated  without  incineration.  Those  inorgama 
matters,  the  function  of  which  is  so  marked  in  their  passage 
through  the  body,  are  found  largely  as  constituents  of  the 
fluids,  and  are  less  abundant  in  the  solids.  They  are  con- 
tained in  quantity,  also,  in  the  liquid  excretions ;  and  any 
excess  over  the  amount  actually  required  by  the  system  is 
thrown  off  in  this  way.  Other  inorganic  matters  are  espe- 
cially important  as  constituent  parts  of  the  tissues,  and  are 
more  abundant  in  tlie  solids  than  in  the  fluids.  Examples 
of  principles  of  tins  class  are  the  salts  of  lime,  particularly 
the  phosphates.  These  are  also  in  a  condition  of  iutimate 
union  with  organic  matter,  and  accompany  these  principles 
in  all  of  their  so-called  vital  acts. 

If  we  except  certain  simple  chemical  changes,  such  as  the 
decomposition  of  the  bicarbonates,  the  inorganic  elements  of 
food  do  not  necessarily  undergo  any  modification  in  the  pro* 
cess  of  digestion.  They  are  generally  introduced  already  in 
combination  with  organic  matter,  and  accompany  it  in  the 
changtis  wliicli  it  passes  through  in  digestion,  assimilation 
by  the  blood,  deposition  in  the  tissues,  and  the  final  tran»- 
fonnations  that  result  in  the  various  excrementitious  mat- 
ters; so  that  we  find  the  inorganic  principles,  united  with  the 
organic  matter  of  the  food  as  it  enters  the  body,  and  what 
aeem  to  be  the  same  principles  in  connection  with  the  or- 
ganic excrementitious  matters;  but  between  these  two 
extremes,  are  the  various  operations  of  assimilation  and  dis* 
assimilation,  from  which  inorganic  matter  is  never  absent 
Wo  have  already  referred  to  these  facta  so  often,  under  the 
heads  of  proximate  principlea,  alimentation,  digestion,  and 
excretion,  that  it  is  nnnecessaiji  in  this  connection,  to  dia^ 
eujw  tliem  more  fully. 
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Yarioua  combinations  of  bases  "with  organic  acids  taken 
m  food,  as  the  acetates,  tartrates,  etc.,  found  in  fruits, 
undergo  decom|>osition  in  tlie  body,  and  are  transformed 
into  carbonates.  In  this  form  they  behave  precisely  like  the 
other  inorganic  salts,' 

Principles  consumed  hy  the  Orfffmism. 

All  of  the  assimilable  organic  matter  taken  as  food  is  con- 
led  in  the  organism ;  and  none  is  ever  disehargeil  from  the 
body,  in  health,  in  tlie  form  under  which  it  was  introduced. 
The  principles  thus  consumed  in  nutrition  have  been  di- 
vided into  nitrogenized  and  non-nitrogenized ;  and,  although 
they  both  disappear  in  the  organiatu,  they  possess  certain 
marked  differences  in  their  properties,  and  probaljly,  also,  in 
their  relations  to  nutrition. 

Nttrogenhed  Prinei^yUs, — ^The  nitrogenized  principles, 
having  for  their  basis,  carbon,  hydrogen,  nitrogen,  and  oxy- 
gen, undergo,  in  the  process  of  digestion  and  abbr»rption, 
remarkable  changes;  but  these  are  more  marked  with  rela- 
tion to  their  properties  than  their  ultimate  chemical  com- 
position. They  are  all  converted  into  the  nitrogenized 
elements  of  the  blood,  which,  in  tbeir  tnrn,  are  transformed 
into  the  characteristic  nitrogenized  principles  of  the  different 
tissues,  and  are  appropriated  by  these  tissues,  to  supply  the 
place  of  wom*ont  matter.  With  the  intimate  nature  of  this 
eeries  of  trant^lormations,  we  are  entirely  miacquainted ;  but 
we  know  that  the  deposition  of  new  nitrogenized  matter  in 
the  tissues,  constituting  one  of  the  most  imp<3rtant  of  the 

>  It  li  A  &ct  well  establisbed  that  the  tngestioii  of  certftin  sal  is  of  vegeUblo 
ori|^  piroduoei  alkaline  e&rbouaiefl  of  the  eune  biaeeei  which  are  discharged  m 
the  exeretiotii.  The  replacement  of  the  regelable  acid  ia  tlaia  way  by  carbonic 
•aid«  whidi  is  weaker,  ib  8upf^K)8ed  by  Milne-Edwards  to  be  due  to  the  a^^tiOQ  of 
th#  ex^rgeo  In  the  prQce«s  of  rc^pEration.  TbiB  csplanation  ia  not  very  BAtfs^ 
fccitftfy,  but  the  fact  of  the  production  of  the  alkaline  carbonatt*a  from  the 
ble  acid  salts  cannot  be  doubted  (  Milkk-Edwards^  Zef^nt  §ur  la  phifdO' 

!r,  Pari*,  1862,  tome  rii,.  p.  SSI). 
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acts  of  nutrition,  is  attended  with  a  corresponding  loss  of 
matter  that  has  become  changed  into  the  nitrogenized  ele- 
ment-8  of  excretion.  It  is  the  intermediate  Beries  of  phe- 
nomena that  is  so  obscure. 

The  nutrition  of  the  nitrogenized  elements  of  the  tidsnea 
may  be  greati  j  modified  by  the  supply  of  new  matter.  For 
example,  a  diet  eomi>osed  of  nitrogenized  matter  in  a  readily 
aesimilable  fonn  wiU  undoubtedly  affect  favorably  the  devel- 
opment of  the  correspondhig  tissues  of  the  body ;  and,  on  the 
other  hand,  a  deficiency  in  the  supply  will  produce  a  corre- 
sponding diminution  in  power  and  development.  The  modi- 
fications in  mitritiou  due  to  supply  have,  however,  certain 
well-defined  limits.  An  excess  taken  as  food  is  not  di^harged 
in  the  fffices,  nor  does  it  pass  ont  in  the  form  in  which  it 
entered  in  the  urine ;  hut  it  apparently  undei^goes  digestion, 
becomes  absorbed  by  the  blomi,  and  increases  the  quantity 
of  nitrogenized  excreiuentitious  matter  discharged,  particu- 
larly the  urea.  This  fact  i^  shown  by  the  great  increa^  in 
the  elimination  of  urea  produced  by  an  excess  of  nitrogen- 
ized food.'  l^liether  tht?  nitrogenized  matter  that  is  not 
actually  needed  in  nutrition  be  changed  into  urea  in  the 
blood,  or  whether  it  be  appropriated  by  the  tissue^i,  increas- 
ing the  activity  of  their  disassimilation,  is  a  question  difficult 
to  detennine  experimentally.  Certain  it  is,  however,  that 
an  excess  of  nitrogenized  food  is  thrown  off  in  nearly  the 
same  way  as  an  excess  of  inorganic  matter ;  the  diffei^nce 
being  that  the  latter  passes  out  in  the  form  in  which  it  has 
entered,  and  the  former  is  discharged  in  the  form  of  nitro- 
genized excrement  it  ious  matter. 

Development  of  Power  and  Enduramm  hy  Eeerd^e  and 
Diet  {Training). — The  nutrition  of  the  nitrogenized  ele- 
ments of  the  bcKiy  is  greatly  influenced  by  functional 
exercise*  This  is  partly  local  and  partly  general  in  its 
effects.    For  example,  by  the  persiBtent  exercise  of  particu- 

1  S««  page  S25. 
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lap  muscles,  their  development  can  be  carried  to  a  liigh 
degree  of  perfection,  the  rest  of  the  muscular  system  tmder- 
goiiig  no  change ;  or  the  entire  moscular  system  may,  by 
^appropriate  general  exercii^,  be  made  to  increase  conisider* 
ably  in  volume,  and  a  person  may  become  capable  of  great 
endurance,  under  an  ordinary  diet.  It  is  surprising,  some- 
times, to  fiee  how  small  an  amount  of  well-regulated  exercise 
will  accorapliish  tlm  end.  But  if  it  be  desired  to  attain  the 
maximum  of  strength  and  endurance,  it  is  necessary  to 
carefully  regulate  the  diet  as  well  as  the  exercise*  Those 
who  are  in  the  habit  of  **  training "  men,  particularly  for 
pugilistic  encounters,  have  long-since  demonstrated  prac- 
tically certain  facts  which  pliy&iologiats  have  been  rather 
dow  to  appreciate.  By  carefully  regulating  the  diet,  con- 
fining it  chiefly  to  nitrogenized  articles,  eliminating  fat 
entirely,  and  reducing  the  starchy  elements  to  the  minimum ; 
by  regulating  the  exercise  so  as  to  increase  the  nutritive 
activity  of  all  the  muscles  to  the  greatest  jiossible  extent; 
by  increasing  the  respiratory  activity  by  running,  etc.,  and 
removing  fi-om  the  body  all  the  unnecessary  adipose  tissue ; 
by  all  these  means,  wliich  favor  nutritive  assimilation  by 
the  nitrogenized  elements  of  the  organism,  a  man  may  be 
**  trained"  &o  as  to  be  capable  of  immense  muscular  effort 
and  endurance. 

The  process  of  training,  skilfully  carried  out,  is  in 
accordance  with  what  are  now  admitted  as  physiological 
lawB  ;  though  it  has  been  practised  for  years  by  igno- 
rant persons,  and  its  rules  are  entirely  empirical.  It  is 
atated  that  the  athletes  of  ancient  times,  while  vigorously 
exercising  the  muscles,  favored  by  their  diet  the  development 
of  fat,  so  as  to  be  better  able  to  resist  the  bluws  of  their  an- 
tagoniet^J  Ilowever  tliis  may  be,  since  the  English  prize-ring 
hm  been  regularly  organized,  or  since  about  the  middle  of  the 
laat  century,  the  system  of  training  has  been  entirely  differ- 
ent, and  fat  has  been,  as  tar  as  posjsible,  removed  from  every 

■  Uuuiwon,  Aihktk  Training  and  Healthy  Oxford  and  Loodoii,  1869,  p.  67* 
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part  of  the  body.  Fat  is  regarded  by  trainers  as  inert  mat- 
ter ;  and  they  recognize,  practically  at  least,  the  fact  that 
the  characteristic  functions  of  parts  depend  for  their  activity 
upon  their  nitrogenized  constituents.  The  contraction  of  a 
mngcle,  for  example,  is  powerful  in  proportion  to  the  amount 
and  condition  of  its  mu&culine;  and  it  has  been  fonnd,  prac- 
tically, that  the  muscular  system  can  be  most  thoroughly  de- 
veloped by  carefully-graduated  exercise  and  a  diet  composed 
largely  of  nitrogenized  matter.  In  the  regular  system  of 
training,  starch,  sugar,  fat,  and  liquids  are  avoided ;  and 
the  diet  is  confined  abnost  entirely  to  rare  meats,  eggs,  and 
stale  bread  or  toast,  with  oatmeal-gruel.  The  oatmeal  has 
been  used  from  time  immemorial,  and  is  supposed  to  be 
useful  in  keeping  the  bowels  in  good  condition.  A  very 
small  amount  of  alcohol  and  other  nervous  stimulanta, 
chiefly  in  the  form  of  home-brewed  ale,  sherry  wine,  and 
tea,  are  allowed.  Sexual  intercoin*se  and  all  unusual  ner- 
vous excitement  are  interdicted. 

Those  who  adopt  absolutely  the  classification  of  food  into 
plastic,  or  tissue-forming,  and  calorific,  or  respiratory,  would 
regard  this  course  of  diet  as  eminently  plastic ;  but  during 
the  severe  habitual  exercise,  which  is  most  rigid  after  the 
man  has  been  •'  trained  down  "  so  that  his  fat  is  reduced  to 
the  minimum,  the  respiratory  power  aod  the  exhalation  of 
carbonic  acid  are  immensely  increased,  while  the  proportion 
of  hydro-carbons  in  the  food  is  very  small. 

We  do  not,  of  course,  propose  to  discuss  from  a  scientific 
point  of  view  all  of  the  minntiflB  of  training.  Many  of  its 
traditional  rules  are  trivial  and  unimportant;  *  but  it  is  cer- 

'  A  fVFj  cuncma  tcc<miit  of  trainings  the  more  intereating  m  It  cont^ios  ibe 
etteolSali  of  the  metbodB  employed  at  the  present  day,  is  to  b«  found  in  a  book 
oo  pngUitaif  called  Boxiawi,  This  work  \a  A^ributed  to  the  celebrated  Captiua 
BftKhiy  (The  Art  of  TVmiMf^.—Jbsma/  er  JSHxichet  of  Modem  ^i^iStm,  w^ 
imtAng  aB  the  Trwuaeium*  of  no$$  tfmm0a$i  with  ihs  PriMt^Rm^,  Smi^  Cii 
7Mr$  18S1|  lS-22,  1823,  London  (no  date).  The  subject  of  iraiiusg  has  al- 
traded  considerable  attention  within  the  last  few  vears  in  (joiuieotioa  with 
boating;  but  the  brutal  practice  of  prixe-figbting  affords,  probabljr,  the  beit 
esamplca  of  etretigth,  endurance,  and  neirotts  energy. 
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tainl  J  a  question  of  great  pliysiological  interest  to  study  the 
proeeseeB  by  which  the  muscular  strength  and  endurance 
of  a  man  may  he  trough t  to  the  highest  point  of  devel- 
opment. 

One  of  the  most  remartable  of  the  results  of  thorough 
training  is  the  development  of  immeuse  endurance  and 
"  wind/'  Tliis  is  accomplished  by  running  and  prolonged 
exercise^  not  so  violent  as  to  be  exhausting,  and  always  fol- 
lowed by  ablations  and  frictions,  so  as  to  secure  a  full  re- 
action. The  surprising  faculty  of  endurance  thus  developed 
must  be  due  in  a  great  measure  to  nervous  power  a&  well  as 
to  gradual,  careful,  and  perfectly  physiologtcal  development 
of  the  muscular  system.  A  man  may  be  brought  into  the 
ring  in  what  would  appear  to  be  perfect  condition ;  but  if  he 
be  trained  down  too  much  or  too  rapidly,  he  is  liable  to 
give  out  after  comparatively  slight  exertion.  A  man  who 
does  not  possess  the  required  constitutional  stamina  and  ner- 
vous power  18  likely  to  break  dovm  in  training,  and  can- 
not be  brought  to  proper  condition.  On  the  other  hand, 
a  man  in  perfect  condition  is  capable  of  the  maximum  of 
muscular  exertion  for  an  hour,  or  can  walk  a  hundred  miles 
in  a  day. 

It  is  a  question  of  great  importance,  in  connection  with 
the  subject  of  nutrition,  to  determine  whether  the  extraordi- 
nary muscular  power  developed  by  severe  training  be,  in  the 
end,  beneficifd  or  deleterious.  This  can  be  answered  very 
easily  upon  practical  as  well  as  theoretical  grounds.  A  fully- 
jwn,  well-developed  man,  in  perfect  health,  may  be  trained 

as  to  be  brought  to  what  is  technically  called  fine  condi- 
tion, and  he  will  present  at  that  time  all  the  animal  ftmc- 
tions  in  their  perfection.  He  is  then  a  model  of  a  physical 
man ;  and  the  only  consequences  that  can  result  from  such 
a  ooQTse  are  beneficial.  The  argument  that  professional 
ptigilists  are  short-lived  is  fallacious ;  for  it  is  well  known 
that  almost  all  of  them,  after  training  for  and  passing 
through  an  encounter,  immediately  relapse  into  a  course  of 
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life,  in  winch  all  physiological  laws  are  habitnally  riolated. 
During  training,  even  of  the  most  severe  character,  not  only  is 
great  attention  paid  to  diet  and  exereisej  but  all  of  the  ftinc- 
tions  are  scrnpulously  watched.    Tranquillity  of  mind^  avoid-_^ 
ance  of  exhanstionj  of  artificial  excitement,  stimulant^  toll 
cOj  etc*,  are  strictly  enjoined ;  and  the  process  is  always  ^ 
gradual,  especially  at  ita  commencement,  and  is  continue 
for  several  monthti.     The  cases  in  which  training  has  been  j 
followed  by  bad  eflects  are  entirely  different.     Undeveloped! 
boys  are  frequently  trained  for  boating,  in  the  most  reckle 
manner,  until  they  break  down.    An  attempt  is  made  to] 
aoeomplish  in  a  few  weeks  what  can  only  be  done  physio-i 
logically  in  several  months ;  and  the  result  h^  that  some  ot  \ 
the  vital  organs,  particularly  the  heart,  are  liable  to  beoomd ' 
permanently  injured.     To  improve  the  "wind*'  and  endur- 
ance, a  person  undergoes  the  most  violent  exercise,  which  it  j 
followed  by  great  exhaustion,  intense  respiratory  distress,! 
and  disturbance  of  the  action  of  the  heart,  these  vital  parts 
being  suddenly  forced  far  Ijeyond  their  functional  capacity. 
This  cannot  be  done  without  danger  of  permanent  distm*b^ 
ances  of  the  system,  such  as  have  been  frequently  observed ; 
and  it  is  all  the  more  liable  to  be  followed  by  bad  results, 
from  the  fact  that  amateurs  are  trained  together,  five  or  six 
under  one  man,  and  are  more  or  less  independent,  while  the 
professional  is  never  out  of  the  sight  of  his  trainer  for  months, 
and  during  that  time  is  under  complete  controL     There  is, 
it  seems,  every  physiological, reason  to  believe  that  it  is  bene- 
ficial to  the  general  system  to  bring  it  to  the  highest  point 
of  functional  actirity  by  training;  but  if  this  be  not  done 
with  great  caution  and  judgment,  it  is  liable  to  be  followed 
by  serious  results. 


JfbfirNiirogenized  PHndpl^s. — The  non-nitrogcnixed 
principles  present  a  marked  contrast  to  the  alimentary  t?ab- 
stanees  we  have  just  considered.  In  the  first  place,  they  are 
not  iadispensable  to  the  nutrition  of  all  animals.     The  car- 
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iiiTora,  for  example,  may  he  well  nourished  upon  a  diet  com- 
posed exclusively  of  uitrogenized  matter ;  and  the  remarks 
We  have  just  made  upon   training  show  that  the  human 
fitihject  may  he  hrought   to  a  high  condition  of  physical 
developmentj  when  starch,  sugar,  and  fat  are  almost  en* 
tirely  eliminated  from  the  food.     This  shows  conclusively 
that  the  division  of  the  food  into  plastic  and  calorific  ele- 
ment is  not  ahsohite,  and  that  the    animal  temperature 
may  be  maintained  without  the  hydro-carbons.     The  nitro- 
genized  principles  certainly  are  the  only  class  of  alimentary 
stil>Btancc3  capable  of  forming  muscular  tissue  ;  but,  l)y  cer- 
tain transformations,  with  the  exact  nature  of  which  we  are 
irn  perfectly  acquainted,  this  class  of  substances  is  capable  of 
producing  heat  and  of  furnishing  the  carbonic  acid  elimi- 
ii^ted  in  respiration.      Tlie  non-nitrogenized  principles  are 
tti capable  in  themBelves  of  meeting  the  nutritive  demands 
of  the  system,  and  they  are  either  consumed  without  form- 
*  '^g  part  of  the  tissues,  or  are  deposited  in  the  form  of  fat. 
Tliese  questions  we  have  already  considered  fully  under  the 
'^^^ad  of  alimentation  ;  and  it  will  be  remembered  that,  with 
^  few  exceptions,  fat  always  exists  in  the  body  uncombiued, 
either  in  the  form  of  adipose  tissue  or  fatty  granulations  in 
'^V^e  substance  of  other  tisi^ues. 

The  non-nitrogenized  elements  taken  up  by  the  blood 

^^ay  be  divided  into  two  varieties :  one,  the  sugars,  com- 

l^osed  of  carbon  with  hydrogen  and  oxygen  in  the  propor- 

'Mons  to  form  water,  constituting  the  true  hydro-carbons; 

^nd  the  others  the  fats,  in  which  the  hydrogen  and  oxygen 

^0  not  exist  in  the  proportion  to  form  water.    We  speak  of 

%he  sugars  only,  because  starch  and  all  varieties  of  sugar 

taken  as  food  are  transformed  into  glucose. 

In  connection  with  the  study  of  proximate  principles,  ali- 
tnentation,  and  glycogcncsis,  we  have  already  refen-ed  to  the 
destination  of  the  true  hydro-carbons  in  the  organism.  They 
are  taken  as  food  to  a  considerable  extent,  partitiularly  in  the 
funn  of  starch,  and  are  formed  constantly  by  the  liver,  in  all 
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classes  of  ananak.  Sugar  is  nerer  dischaiged  6rom  tlie 
in  health/  nor  i£  it  depoaited  in  any  part  of  ike  organigm^  evi 
as  a  temporary  condition*  It  generaU v  disappear  in  the 
sage  of  the  blood  through  the  lungs.  How  is  fiugar  destro; 
and  what  relation  does  it  bear  to  nutrition  I  In  studying 
changes  which  it  m  capable  of  pafi&ing  through^  it  haa 
found  that  it  may  be  converted  into  lactic  acid,  or  be  changed 
into  carbonic  acid  and  water ;  but  precisely  to  what  extent  the 
gugare  undergo  these  changes,  or  how  they  are  acted  uponb; 
the  inspired  oxygen,  it  has  been  imposdble  thus  far  to  del 
mine.  We  must  be  content  to  say  that  the  exact  chai 
which  the  sugars  undergo  in  nutrition  are  imknown.  They 
eeem  very  important  in  development,  bemg  abundant  in 
food  and  formed  largely  in  the  system  in  early  life/  Hm 
certainly  do  not  enter  into  the  composition  of  the  tidiues; 
and  it  would  seem  that  they  must  be  important  in  the  two 
remaining  phenomena  of  nutrition,  namely,  the  fonnation 
of  fat  and  the  development  of  animal  heat.  The  relatkms 
of  8iigar  to  these  two  processes  will  be  taken  up  under  their 
appropriate  lieads. 

The  fats  taken  as  food  are  either  consumed  in  the  organ- 
ism,  or  are  deposited  in  the  form  of  adipose  tissue.  That 
the  fats  are  consumed,  there  can  be  no  doubt ;  for, 
the  normal  alimentation  of  man,  fat  is  a  constant  articL 
and  it  is  never  discharged  from  the  body.  We  are  foi 
to  admit,  however,  that  the  changes  which  fat  undergoes 
its  process  of  destruction  are  not  thoroughly  understood* 
All  that  we  positively  know  is,  that  the  fatty  prineipl 
of  the  food  are  formed  into  a  fine  emulsion  in  the  small 
testine,  and  are  taken  up,  chietly  by  the  lacteals,  and  di 
charged  into  the  venous  system.      For  a  time,  during  ah- 

^  Wc  httve  already  noted  th«  eicepttonal  ditcharge  of  «ugar^  fat,  and  nitro- 
genized  isAttcr  in  the  milk. 

*  We  have  alrcftdy  noted  these  factA^  as  well  aa  the  producUcm  of  gKc^ 
genlc  matter  and  flngar  in  animale  depHred  entirely  of  starch  and  sugar  in  their 
food,  when  It  seeoiB  that  the  fonnatioa  must  take  place  from  the  &lbutni&oi^ 
prindplea. 
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ftotption,  fat  may  exist  in  certain  quaDtity  in  the  l>lood; 
Wt  it  8oon  disappears,  and  is  either  destroyed  directly  in  the 
orculatary  system,  or  is  deposited  in  the  form  of  adipose 
tisane  to  supply  a  certain  amount  of  this  eubstance  con- 
&ttmed.  That  it  may  be  destroyed  directly  is  proven  by  the 
eansamption  of  fat  in  instances  where  the  amoimt  of  adipose 
Qiatter  is  inBignificant ;  and  that  the  adipose  tissue  of  the 
Oigaiiiam  may  be  consumed  is  shown  by  its  rapid  disappear* 
anoe  in  starvation* 

The  question  of  the  relations  of  fat  to  nutrition  is  im* 
portant,  but  somewhat  obscure*  It  does  not  take  part  in  the 
nutrition  of  the  parts  that  are  endowed j  to  an  eminent  de- 
gree, with  the  so-called  vital  functions ;  and  when  these 
tianes  are  bronght  to  their  liighest  point  of  functional  de- 
velopmentj  the  fat  is  entirely  removed  from  their  substance. 
If  fat  he  not  a  plastic  material,  it  would  seem  to  have  no  func- 
tion remaining  but  that  of  keeping  up,  by  its  oxidation,  the 
•iiittial  temperature.  But  it  is  not  proven  that  fat,  or  fat  and 
sogar,  are  the  sole  principles  concerned  in  tlie  production  of 
carbonic  acid  and  the  generation  of  heat ;  fur  both  of  th^o 
plienomena  occur  in  the  caniivora,  and  in  man,  when  fat  and 
sugar  are  elinunated  from  the  food  and  the  fat  in  the  body  has 
^  reduced  to  the  minimnm.  Fat  is  undoubtedly  destroyed 
^  tie  organism,  and  probably  assists  in  the  formation  of  the 
<^bonic  acid  eliminated;  it  is  also  taken  in  much  larger 
Proportion  in  cold  than  in  temperate  or  warm  climates;* 
^^t  we  cannot,  with  our  present  information^  say  without 
'^rve,  that  fats  and  sugar  are  oxidized  directly,  by  a  pro- 
**QB  with  which  we  are  familiar  under  the  name  of  com- 
'*'Ution,  and  that  their  exclusive  function  is  the  production 
^f  animal  beat. 

It  is  a  curious  fact  that  fat  is  generally  deposited  in  tissues 
^^UiDg  their  retrograde  processes.  The  muscular  fibres  of 
^^6  uterus,  during  the  involution  of  this  organ  after  partu- 
*^^on,  become  the  seat  of  a  deposit  of  fatty  granulations, 

1  See  Tol  ii,  AlimeiitatiOD,  p,  128, 
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Long  disuse  of  any  part  will  prodace  sudi  changes  in  iU 
power  of  appropriating  nitrogenized  matter  for  its  regenera- 
tion, that  it  60on  becomes  atrophied  and  altered.  Instead 
of  the  normal  nitrogenized  elements  of  the  tissne,  we  have, 
nnder  these  circumstances,  a  deposition  of  fatty  matter. 
The  fat  is  here  inertj  and  takes  the  place  of  the  substance 
that  gives  to  the  part  its  characteristic  function.  These  phe- 
nomena are  strikingly  apparent  in  muscled  that  have  be^ 
long  disused  or  paralyzed,  or  in  nerves  that  have  lost  their 
functional  activity*  If  the  change  be  not  too  extensive,  the 
fat  may  be  made  to  disappear,  and  the  part  will  return  to  its 
normal  constitution,  by  appropriate  exercise ;  but  frequently 
the  alteration  has  proceeded  so  far  as  to  be  irremediable  and 
l^erinanent.  This  condition  is  known  in  pathology  under 
the  name  of  fatty  degeneration— a  term  which  implies  that 
the  nitrogenized  elements  of  the  part  are  changed  or  degen- 
erated into  fat,  and  which  is  not  strictly  correct.  Daring  the 
ordinary  process  of  nutrition,  the  nitrogenized  elements  are 
removed  by  disassimOation,  and  new  matter,  of  the  same 
kind,  is  deposited;  but  when  the  so-called  fatty  degenera- 
tion ocures,  fat  is  substituted  for  the  nitrogenized  substance. 
This  change,  then,  should  rather  be  called  fatty  sulnstitution/ 
Accurate  observations  have  shown  tliat,  in  young  ani- 
mals, rapidly  fattened,  all  the  adipose  matter  in  the  body 
cannot  be  accounted  for  by  what  is  taken  in  as  food ;  and  it 
13  certain  that  fat  may  be  produced  de  novo  in  the  oi^ganism. 

JFormation  and  Deposition  of  Fed. — The  question  of  the 
generation  of  fat  in  the  economy  is  one  of  great  importance. 
Whatever  the  exact  nature  of  the  changes  accompanying 
the  destruction  of  non-nitrogenized  matter  may  be,  it  is 
certain  that  the  fat  stored  up  in  the  body  is  consumed, 
when  there  is  a  deficiency  in  any  of  the  elementd  af  food,  as 
well  as  that  which  is  taken  into  the  alimentary  caaaL    It  ii 


*  LittrI  ct  Robim, 


jiv,  Pvu^  ISeS,  p.  1444,  AiticiCi 
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tendered  probable,  indeed,  by  the  few  experimente  tliat  have 
been  made  on  the  subject,  that  obeisitj  increases  the  power 
of  resistance  to  inanition/  At  all  events,  in  starvation j  the 
fottj  conRtituent-s  of  the  body  are  the  first  to  be  consumed, 
and  they  almost  entirely  disappear  before  death.  As  we 
hare  already  seen,  sugar  is  never  deposited  in  any  part  of 
the  organism,  and  is  only  a  temporary  constituent  of  the 
blood.  If  the  sugars  and  fats  have,  in  certain  regards,  eimi- 
lar  functions  in  nutrition,  and  if,  in  addition  to  the  mechani- 
cal functions  of  fat,  it  may  l>e  retained  in  the  organism  for 
use  under  extraordinary  conditions,  it  becomes  very  impor- 
tant to  aflcertain  the  mechamsm  of  its  production  and  depo- 
sition. 

The  production  of  fatty  matter  by  certain  insects,  in  ex- 
of  the  fat  supplied  with  the  food,  was  established  long 
by  the  researches  of  Huber,  whose  experiments  were 
fully  confirmed  by  Dumas  and  Milne-Edwards/  A  little 
later,  simUar  observations  were  made  upon  birds,  by  Persoz,* 
and  upon  liirds  and  mammals,  by  Boussingault/  Some  of 
the  experiments  of  Boussingault  are  peculiarly  interesting, 
aft  they  were  made  upon  pigs,  in  which  the  digestive  appa- 
ratus closely  resembles  that  of  the  lumian  subject.  They 
showed  conclusively  that,  under  certain  circumstances,  more 
&t  exists  in  the  bodies  of  animals  than  can  be  acconnted  for 
by  the  total  amonnt  of  fat  taken  as  food  added  to  the  fat  ex- 
isting at  birth.  In  some  very  interesting  experiments  with 
relation  to  the  influence  of  different  kinds  of  food  npon  the 
development  of  fat,  it  was  ascertained  that  fat  could  be  pro- 
duced in  animals  upon  a  regimen,  sufficiently  nitrogen ized, 
but  deprived  of  fatty  matters ;  but  the  fact  should  be  recog- 

'  Bee  vol  ii,  AUmenUtiaii,  p,  26. 

*  Kf L!(i-EDWAED8,  Lef9m  fwr  la  ph^doii^r^  Parit,  1862,  tome  Til,  p.  &&3. 

*  Fx^Hoz,  M^firimcm  wmr  Vemgrais  dm  <Hm. — Compim  rmdut^  Tant,  1S44, 
lOM  srUi,  p.  S4«. 

*  BorisnrqArLt,  Meekarkn  erpirkmmiaim  mr  U  demtoppemmt  dt  la  p^rimt 
pmdeni  TaHmtniaHon  dm  «mmavz, — Mhnwrt§  de  chimin  ogHe&k  et  d»  phym/oio^^ 
Pftritf,  1804>  p,  10ft,  d  t«g. 
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nizad  "  that  the  nutriment  which  produces  the  most  rapid 
and  pronounced  fattening  is  precisely  that  which  joins  to  the 
proper  proportion  of  albuminoid  fiubetances  the  greatest  pro- 
portion of  fatty  principles."  ' 

Animals  cannot  be  fattened  without  a  certain  variety  in 
the  regimen.  We  have  already  discussed  the  necessity  of  a 
varied  diet,  and  have  shown  that  an  animal  wiU  die  of  star* 
vation  when  confined  exclusively  to  one  class  of  principles, 
even  if  this  be  of  the  most  nutritious  character ;  *  and  it  is 
not  necessary  to  refer  again  to  the  experiments  which  have 
demonstrated  that  a  diet  confined  exclusively  to  starch, 
sugar,  or  fat,  or  even  pure  albumen  or  fibrin,  cannot  sus- 
tain life,  much  less  fatten  an  animaL  We  are  prepared, 
then,  to  understand  why,  in  the  pigs  experimented  upon  by 
BouBsinganlt,  a  regimen  confined  to  potatoes  did  not  prove 
to  be  fattening,  notwitlistanding  the  large  proportion  of 
starch,*  and  that  fat  was  produced  in  abundance  only  when 
the  food  presented  the  proper  variety  of  principles. 

Very  little  is  known  concerning  the  precise  mechanism 
of  the  production  of  fat.  The  experiments  of  Boussingault 
seem  to  leave  no  doubt  that  it  may  be  formed  from  any  kind 
of  food,  even  when  it  is  exclusively  nitrogenized ;  *  but  it  is, 
nevertheless,  a  matter  of  common  observation  that  certain 
articles  of  diet  are  more  favorable  to  itd  deposition  than 
others ;  and  it  is  also  true  that  the  herbivora  are  fattened 
much  more  readily,  as  a  rule,  than  the  camivora. 

Theoretical  considerations  would  immediately  point  to 
starch  and  sugar  as  the  elements  of  food  most  easily  con- 
vertible into  fat,  as  they  contain  the  same  elements,  though| 
in  different  proportions ;  and  it  is  more  than  probable  that 

t  BmtmaQAmsT^  op.  dt,^  p,  167. 

*  See  Tol.  iLf  Alimentotion,  p*  128. 

*  Op,  «7.»  p.  132, 

*  The  reac&rchea  of  Warta  hftve  shown  that  certain  of  the  albomlnoid  pdfr 
eiplefl  cun  he  converted  into  fatty  acids  hj  t^e  action  of  an  alkali  and  heftt,  and 
that  this  may  a]BO  oocor  BpontanoouBly  (WiraTt,  Sur  la  trQnJ>/<»rmation  di  k 
Jibntu  m  addt  indyrique. — Compttt  rmdu^  Pam,  1844,  tome  xviil,  p^  704^ 
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fliis  riew  is  correct.    It  is  said  that  in  sugar-growing  sec* 

f!ott5^  during  the  period  of  grinding  the  canej  the  laborers 
l>6oome  excessively  fat,  from  eating  large  quantiti^  of  the 
saccharine  matter.  We  cannot  refer  to  any  exact  scientific 
obsenrationa  on  this  point,  hut  the  fact  is  pretty  generally 
admitted  by  physiologists.  Again,  it  has  been  frequently  a 
matter  of  indiridnal  experience  that  sugar  and  starch  are 
favorable  to  the  deposition  of  fat,  especially  when  there  is  a 
constitutional  tendency  to  obesity.  A  most  remarkable  ex- 
ample of  this,  and  one  which  has  met  with  considerable 
uotoriety,  is  worthy  of  mention ,  though  not  reported  by  a 
scientific  observer,  We  refer  to  the  letter  on  corpulence,  by 
Mr.  Banting.*  The  writer  of  this  curioos  pamphlet,  in  1862, 
vaa  Rixty-six  years  old,  five  feet  and  five  inches  in  height, 
ant]  weighed  two  hundred  and  two  pounds.  Under  the  ad- 
vice of  ilr.  William  Harvey,  F.  R.  C.  S.,  of  London,  he  con- 
fined himself  to  a  diet  containing  no  sugar,  and  as  little 
fitiurcli  and  fat  as  possible.  Continuing  this  regimen  for  one 
year,  he  gradually  lost  weight,  at  the  rate  of  about  one 
pound  each  week,  until  he  was  reduced  to  one  hundred  and 
fifty-six  pounds.  At  the  time  the  last  edition  of  tie  pam- 
pUet  was  published,  in  1864,  he  enjoyed  perfect  health  and 
weighed  one  hundred  and  fifty  pounds,  his  weight  varying 
only  to  the  extent  of  one  pound,  more  or  less,  in  the  course 
^f  a  month.  Tliis  little  tract  is  very  interesting,  both  from 
^6  importance  of  its  physiological  relations  and  its  quaint 
literary  style.  It  has  had  an  immense  circulation,  and  many 
I*er8ons  suffering  from  excessive  adipose  development  have 
^dopt^j  the  system  here  advised, with  results  more  or  less 
*^^orable,  A  study  of  the  course  of  diet  here  prescribed 
*J^0Ws  it  he  a  pretty  rigid  training  system,  with  the  excep- 
"OU  of  succulent  vegetables  and  liquids,  which  are  allowed 
^thout  restriction.  It  is  proper  to  remark,  however,  that 
^^e  enthusiastic  advocates  of  the  plan  have  ejtceeded  the 
^^ta  prescribed,  and  neglected  the  caution  of  the  author 

*  Banting,  Letter  on  Corpuknee^  Londoo,  18di. 
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always  to  employ  it  under  the  advice  of  a  physician  ;  and 
its  too  rigid  enforcement  has  been  followed  by  serions  dis- 
turbances in  general  nutrition.  Others,  however,  have  veri- 
fied the  favorable  results  obtained  by  Mr.  Banting. 

It  is  difficult  to  explain  the  remarkable  constitutional 
tendency  to  obesity  observed  in  some  individuals,  which  is 
very  often  hereditary.  Such  persons  will  become  very  fat 
uiK)n  a  comparatively  low  diet,  while  others  deposit  but  lit- 
tle adipose  matter,  even  when  the  r^men  is  abundant.  It 
is  to  be  noted,  however,  that  the  former  are  generally  ad- 
dicted to  the  use  of  starchy,  saccharine,  and  fatty  elements 
of  food,  while  the  latter  consume  a  greater  proportion  ot 
iiitropenized  matter. 

It  is  not  an  uncommon  remark  that  the  habit  of  taking 
large  quantities  of  liquids  favors  the  formation  of  fat ;  but 
it  is  n(.>t  easy  to  find  any  scientific  basis  for  such  an  opinion. 
As  to  the  formation  of  fat  by  any  particular  organ  or  organs 
in  the  body,  no  positive  scientific  view  has  been  advanced, 
except  the  proposition  by  Bernard,  that  the  liver  had  this 
function,  in  addition  to  its  glycogenic  office.  This  we  have 
already  discussed,  and  have  shown  that  such  a  function  is 
far  from  being  positively  established.* 

Cofiflition  under  which  Fat  exists  in  the  Organism. — ^It 
i.«*  said  that  fat  ci>nibined  with  phosphorus  is  united  with  ni- 
tn>giMHze<l  matter  in  the  substance  of  the  nervous  tissue ;  but 
its  condition  here  is  not  well  understood,  as  we  shall  see  when 
wo  come  to  treat  of  the  nervous  system.  A  small  quantity  of 
fat  is  Oi>ntaintHl  in  the  blood-corpuscles,  and  a  little  is  held 
in  solution  in  the  bile ;  but  with  these  exceptions,  fat  always 
exists  in  the  IhhIv  isolated  and  imcombined  with  nitrogen- 
i/.inl  matter,  in  the  form  of  granules  or  globules  and  of  adipoee 
tissue.  The  three  varieties  of  fat  are  here  combined  in 
varirtMe  projH^rtions,  which  is  the  cause  of  the  diflferences  in 
its  inmsistonce  in  different  situations.     The  ultimate  eld* 

*  See  page  S2d. 
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jnents  of  fat  are,  carbon,  hydrogen,  and  oxygen,  the  two 
latter  in  unequal  proportions.  It  has  been  found  very  diffi- 
cultj  however,  to  obtain  either  stearine,  margarine,  or  oleine 
in  a  condition  of  sufficient  purity  to  ascertain  their  exact 
ultimate  composition/ 

Phyaiologiciil  Anaiomy  of  Adipose  Tissue. — Adipose 
tiflsue  is  found  in  abundance  in  the  interstices  of  the  sub- 
cutaneous areolar  tissue,  where  it  is  sometimes  knoAVii  as  the 
pannicuhis  adiposus.  It  is  not,  however,  to  be  confounded 
with  the  so-called  cellular  or  areolar  tissue,  and  is  simply 
associated  with  it  without  being  one  of  its  essential  parts ; 
for  the  areolar  tissue  is  abundant  in  certain  situations,  as  the 
eyelids  and  scrotum,  where  there  is  no  adipose  matter,  and 
adipose  tissue  exists  sometimes,  as  in  the  maiTow  of  t!ie 
bones,  without  any  areolar  tissue. 

Adipose  tissue  is  widely  distributed  in  the  body,  and  has 
important  mechanical  fiinctions.'  Its  anatomical  element  is 
a  vesicle,  from  -^^  to  ^-J^  of  an  inch  in  diameter,  composed 
of  a  delicate,  structureless  membrane,  f-yiinr  ^^  *^  ^^^ 
thick,  enclosing  fluid  contents/  The  form  of  the  vesicles  is 
naturally  rounded  or  ovoid ;  but  in  microscopical  prepara- 
tians  tliey  are  generally  compressed  so  as  to  become  irregu- 
larly polyhedrieah  The  membrane  sometimes  presents  a 
small  nucleus  attached  to  its  inner  surface.  The  contents 
are  a  minute  quantity  of  an  albuminoid  fluid  moistening  the 
internal  surface  of  the  membrane,  and  a  mixture  of  oleine, 
mai^garine,  and  stearine,  liquid  at  the  temperature  of  the 
body,  but  becoming  harder  on  cooling/  Little  rosettes 
formed  of  acicular  crystals  of  margarine  are  frequently  ob- 
served in  the  fat-v(^icles,  when  the  temperature  is  rather  low* 

'  RoBiii  rr  YtMmtj  Traiii  de  ehimU  anaiUymiquit  d  phmoh^iqm^  P&n«,  ld53> 
|0B«  UL,  p.  10S. 

^  8oe  Tol.  Lf  Introduction,  p.  65. 

'  Lrn-RE  wf^^vn^DidioiinairtdemideeifLi^  P&na,  1865,  Article,  Adipeux. 

«  Todd  ajjd  Bowmut,  Phtftioloffical  Analomjf  and  i%y«o%y  cf  Man,  Phil*. 
Mpbia,  1B67,  p.  89. 
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The  adipoae  vesicles  are  collected  into  little  lobules,  from 
Jiy  to  J-  of  au  inch  in  diameter/  which  are  Burrounded  by  a 
rather  wide  net-work  of  capillary  blood-vessels.  Close  ex- 
amination of  these  vessels  shows  that  they  fi'equently  sur- 
round individual  fat-cells,  in  the  form  of  single  loope. 
There  is  no  distribotion  of  nerves  or  lymphatics  to  the  ele- 
ments of  adipose  tissue- 
It  is  seen  by  this  sketch  of  the  structure  of  adipose  tia- 
sue,  that  there  is  no  anatomical  reason  for  classing  these 
vesicles  with  the  ductless  glands,  as  is  done  by  some  physi- 
ologists. They  undoubtedly,  under  certain  conditions,  have 
the  power  of  filling  themselves  ^vith  fat ;  but  it  would  be 
no  more  appropriate  to  call  this  a  secretion  than  to  apply  this 
term  to  the  development  and  nutrition  of  the  muscular  sub- 
stance within  the  sarcolemma. 


Condiiione  which  injliience  Nutrition, — We  know  more 
concerning  the  conditions  that  influence  the  general  pro- 
cess of  nutrition  than  about  the  nature  of  the  process  itsel£ 
It  will  be  seen,  for  example,  when  we  come  to  study  the  ner- 
vous system,  that  there  are  nerves  which  regulate,  to  a 
certain  extent,  the  nutritive  forces.  We  do  not  mean  to 
imply  that  nutrition  is  effected  through  the  influence  of  the 
nerves,  but  it  is  the  fact  that  certain  nerves,  by  regulating 
the  supply  of  blood,  and  perhaps  by  other  influences,  are 
capable  of  modifying  the  nutrition  of  parts  to  a  very  consid- 
erable extent. 

In  discussing  the  influence  of  exercise  upon  the  develop- 
ment of  parts,  we  have  shown  that  this  is  not  only  desirable 
but  indJi^pensable;  and  the  proper  performance  of  the  func- 
tions of  all  parts  involves  the  action  of  the  nervous  system* 
It  is  true  that  the  separate  parts  of  the  organism  and  the 
organism  as  a  whole  have  a  limited  existence ;  but  it  is  not 
true  that  the  change  of  nitrogenized,  living  substance  into 
effete  matter,  a  process  that  is  increased  in  activity  by  phy&- 

1  LtTTRtt  XT  ROBIK,  loC,  cU, 
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lolopcal  exercise,  coiiBiimes,  so  to  Bpeak,  a  definite  amount 
1 1  of  the  Hmited  life  of  the  part.  Physiological  exerciBe 
■i  iQcreases  disassimilation,  but  it  also  increases  the  activity  of 
nutrition  and  favors  development.  It  is  a  favorite  sophism 
to  assert  that  bodily  or  mental  effort  is  made  always  at  the 
e^nse  of  a  definite  amount  of  vitality  and  matter  consumed. 
This  is  partly  true,  but  mainly  false.  Work  involves  change 
into  effete  matter;  but  when  restricted  within  physiological 
limits,  it  engenders  a  corresponding  activity  of  nutrition, 
taswning,  of  course,  that  the  supply  fi'om  without  be  suffi- 
cient Other  things  being  equal,  a  man  will  live  longer 
under  a  system  of  physiological  exercise  of  every  part,  than 
if  le  made  the  least  effort  possible.  It  is,  indeed,  only  by 
&uch  use  of  parts  that  they  can  undergo  proper  development 
»Jid  become  the  seat  of  normal  nutrition.  But  notwith* 
ftt^nding  all  these  facta,  life  is  self-limited.  Unless  subjected 
to  8oine  process  which  arrests  all  changes,  such  as  cold,  the 
action  of  preservative  fluids,  etc.,  organic  substances  are  con- 
stantly undergoing  transformation.  In  the  living  body,  their 
disasdmilation  and  nutrition  are  unceasing ;  and  at^er  they 
ft*^  removed  from  the  influence  of  what  is  called  life,  they 
*^<inge,  first  losing  irritability^  or  becoming  incapable  of 
Performing  their  functions,  and  afterward  decomposing  into 
^«tters  which,  like  the  results  of  their  disassimilation,  are 
*^^tined  to  l>e  appropriated  by  the  vegetable  kingdom* 
"^'itrition  sufficient  to  supply  the  physiological  decay  of 
P^H^  cannot  continue  indefinitely.  The  wonderful  forces 
^  the  fecundated  ovum  lead  it  through  a  process  of  develop- 
'^^^t  that  requires,  in  the  human  subject,  more  than  twenty 
^^*U^  for  its  completion ;  and  when  development  ceases,  no 
^^  can  say  why  it  becomes  an-ested,  nor  can  we  give  any 
^^^fiicient  reason  why,  with  a  sufficient  and  appropriate  sup- 
ply of  material,  a  man  ehould  not  grow  iudetinitely.  After 
^^  being  is  fully  developed,  and  during  what  is  known  as 
^  adult  period,  the  supply  seems  to  be  about  equal  to  the 
^^^^te.   But  after  this,  nutrition  gradually  becomes  deficient, 
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and  the  deposition  of  new  matter  in  progre^ive  old  age  is 
more  and  more  inadequate  to  snpply  the  place  of  the  living 
nitrogenized  substance.  We  may  at  this  time,  as  an  excep- 
tion, have  a  considerahle  dep^Bition  of  fat^  bnt  the  nitrogen- 
ized matter  is  always  deficient,  and  the  proportion  of  inert 
inorganic  matter  combined  with  it  is  increased. 

There  can  be  little  if  any  doubt  that  the  forces  which 
induce  the  regeneration  or  nutrition  of  partd  reside  in  the 
organic  nitrogenized  Bubstance,  and  that  they  give  to  the 
partB  their  characteristic  fimctions,  which  we  call  vital ;  the 
inorganic  matter  being  pasfiivei  or  havings  at  the  mogt^ 
purely  physical  functions.  If,  therefore,  as  age  advances, 
the  organic  matter  be  gradually  losing  the  power  of  com- 
pletely regenerating  its  substance,  and  if  its  proportion 
be  progressively  diminishing,  while  the  inorganic  matter  is 
increasing  in  quantity,  a  time  will  come  when  some  of  the 
organs  necessary  to  life  will  be  unable  to  perform  their 
office.  Wlien  this  occurs  we  have  death  from  old  age,  or 
physiological  dissolution.  This  may  be  a  gradual  failure  of 
the  geneml  process  of  nutrition,  or  it  may  attack  some  one 
orgau  or  system.  Why  death  is  thus  certain  tc  occur,  we  do 
not  know,  any  more  than  we  can  explain  why  and  how 
animals  live. 

The  modificationa  in  nutrition  due  to  the  very  varied  in 
fluences  that  may  be  brought  to  bear  upon  it  present  a  most 
extended  subject  for  discussion  ;  but  we  shall  not  touch  upon 
any  of  these  influences  that  are  not  purely  physiological. 
Among  the  most  interesting  of  these  modifications,  are  those 
due  to  age,  constituting,  as  they  do,  in  early  life,  the  process 
of  development.  They  wiU  be  treated  of  fiiUy  in  connection 
with  the  subject  of  generation.  It  is  evident,  ahio,  from 
what  we  have  already  said,  that  each  tissue  and  oigan  has 
its  own  conditions  of  nutrition  and  development ;  and  thia 
constitutes  another  interesting  division  of  the  subject,  the 
more  so,  because  the  nutrition  and  development  of  the  indi- 
vidual tissues  are  closely  connected  with  the  processes  of 
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regeneration  and  repair  after  injury.  We  Lave  stated,  as 
far  as  possible,  all  that  is  positively  known  of  the  nutrition 
of  the  fully-formed  tissues  of  the  body ;  but  their  develop 
meat  belongs  to  embryology.  If  we  were  to  attempt  to 
follow  the  processes  of  regeneration  after  injury  ia  nerves, 
muBcles,  bone,  etc.,  we  would  be  compelled  to  pass  almost 
immediately  into  the  domain  of  patliology.  The  influences 
of  climate,  respiratory  activity,  food,  etc,  have  already  been 
considered  under  the  heads  of  respiration,  alimentation,  and 
excretion,  and  will  be  touched  upon  again  in  connection 
with  animal  heat. 


Products  of  Disamimildii'mi, — It  only  remains  now  to 
recapitulate  briefly  the  mode  of  production  of  the  excretions. 
The  process  of  disassimilation,  we  are  aware,  always  accom- 
panies nutrition,  and  tlie  substances  thus  fonned  are  the 
fesnlt  of  the  final  changes  of  the  organic  constituents  of  the 
tifiBites.  As  we  have  seen  in  studying  the  urine,  the  excre- 
mentitious  principles  proper  are  always  associated  vdth  in- 
organic matter,  which  has  passed  through  the  organism; 
and  while  there  are  many  effete  substances  that  we  have 
been  able  to  recognize,  there  ai*e  probably  others  which  have 
thus  far  escaped  observation.  It  is  aUnost  futile  to  specu- 
late upon  the  probable  bearing  which  the  discovery  of  new 
excrementitiouB  principles  will  have  upon  pathological  con- 
ditious,  while  there  are  so  many,  which  wx»  now  know  only 
by  name,  their  relations  to  the  different  tissues  being  still 
obscure ;  but  if  we  reason  from  the  light  thro%vn  upon  cer- 
tain diseased  conditions  by  the  fact  that  urea,  the  urates,  and 
eholesterine  are  liable  to  be  retained  in  the  blood  and  produce 
certain  symptoms,  we  may  safely  infer  that  the  description  of 
new  effete  principles  will  have  an  important  influence  upon 
our  pathological  knowledge  as  well  as  our  comprehension  of 
physiological  processes.  Tlie  following  are  the  most  impor- 
tant excrementitious  matters,  the  relations  of  which  to  nutri- 
tioQ  Bud  disassimilation  are  more  or  less  fuUy  understood ; 
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Oftrbonk  ftdd  (COf). ..,.. 

AlkiiMne  sudoratea  (Sadoric  acid,  CiiHtOuN).* 

Urt»  (C,H4N,0,)., , 

ITrate  of  soda  (Uric  acid»  C»HN|0,+HO) * , 

Umto  of  ammcmk. , »....,,, 

Urate  of  potasea 

Urate  of  lime * « 

Urate  of  magDesia •  •  • . . 

Qlppurate  of  eoda  (Hipptirio  acid,  CitH»KOt) 

Hlppurat4»  of  potaflM 

Hippurate  of  Ume*,  *,..., ,•...*..,...•,. 

Creatine  (C«HtO<N,+  2H0) 

Creatinme  (CtHiOtNi). *, 

Oxalate  of  lime(CaO,C,Oi-F2HO) 

XantMne  (C,aH»N*0*). 

Stercorine  (changed  from  diolefterisej  CnHnO,  of  bUe), . 
Eicretine  (CtsHmOiS) 


Principally  by  iht 
luTtgs;  but  also 
by  the  skin,  and 
in  solution  in  the 
excreted  flulde. 

Pereplratlofa. 

Frindpall  J  in  th« 
nmie ;  but  a  cef*  ] 
tain  quantity  in 
the  perfipiratioiL 

Urine. 


Fsicea. 


In  the  above  list  we  have  omitted  all  doubtfid  excremen- 
titious  principleSj  as  well  as  the  inorganic  compounds  found 
in  the  excreted  fluids ;  and  we  can  Bafely  assume  that  the 
Biibstancefl  therein  enumerated  represent,  as  far  as  we  are 
now  able  to  determine,  the  physiological  wear  of  the  organ- 
ism. We  shall  not  again  discuss  the  fact  that  the  life  of 
tissues  involves  phyBiological  waste  or  decay,  and  that  the 
excrementitiouB  principles  proper  represent  the  final  cbangefi 
of  the  organic  substance.  We  know  that  this  procesa  goes 
on  without  necessarily  involving  exercise  of  the  peculiar 
functions  of  the  parts ;  but  it  is  no  less  true  that  exercise, 
or  work,  increases  the  activity  both  of  nutrition  and  wear. 
This  is  one  of  the  great  principles  underlying  all  our  ideas 
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of  the  process  of  nntrition.  We  shall  not  discnss  here  the 
inflnence  of  work  upon  the  elimination  of  some  of  the  nitro- 
genized  compounds,  particularly  urea,  for  we  have  already 
examined  that  subject  most  carefully  in  another  place ;  ^  bnt 
we  have  no  hesitation  in  stating,  as  a  general  law,  that  has 
yet  to  find  its  exceptions,  that  physiological  work  increases 
excretion. 

See  page  SMi 


CHAPTER  Xm. 

ANIMAL    HEAT. 

Gtneral  considerations — Limits  of  Tariation  in  the  normal  temperature  in  nas 
-^Variations  with  external  temperature — ^Variations  in  different  parts  of 
the  bodj— Variations  at  different  periods  of  life— Diurnal  yariations — ^Rda- 
tions  of  animal  heat  to  digestion — Influence  of  defectiye  nutrition  and  in- 
anition— Influence  of  exercise,  mental  exertion,  and  the  nerrous  system, 
upon  the  heat  of  the  body. 

The  process  of  nutrition  in  animals  is  always  attended 
with  the  development  of  heat,  and  produces  a  temperature 
more  or  less  independent  of  external  conditions.  This  is  true 
in  the  lowest  as  well  as  the  highest  animal  organizations; 
and  analogous  phenomena  have  even  been  observed  in  plants. 
In  cold-blooded  animals,  nutrition  may  be  suspended  by  a 
diminished  external  temperature,  and  certain  of  the  functions 
become  temporarily  arrested,  to  be  resumed  when  the  animal 
is  exposed  to  a  greater  heat.  This  is  true,  to  some  extent, 
in  certain  warm-blooded  animals  that  periodically  pass  into 
a  condition  of  stupor,  called  hibernation ;  but  in  man,  and 
nearly  all  the  warm-blooded  animals,  the  general  tempera- 
ture of  the  body  can  undergo  but  slight  variations.  The 
animal  heat  is  essentially  the  same  in  the  intense  cold  of  the 
frigid  zones  and  under  the  burning  sun  of  the  tropics ;  and 
if,  from  any  cause,  the  body  become  incapable  of  keeping  up 
its  temperature  when  exposed  to  cold,  or  moderating  it  when 
exiv>8cd  to  heat,  death  is  the  invariable  result. 

The  production  of  animal  heat  is  so  closely  connected 
with  nutrition,  that  in  serious  pathological  modifications  of 
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^Ws  process,  as  in  the  es^sential  fevers  or  extensive  inflammar 
^p>iX8,  the  temperature  of  the  body  becomes  an  important 
^B^<i®3  particularly  in  prognosis*  The  clinical  value  of  a 
^'ecognition  of  the  temperature  in  disease  has  only  been  fully 
appreciated  within  a  few  years,  especially  since  the  very 
elaborate  observations  of  Wunderlich,  and  other  German 
oheerverB.* 

The  study  of  the  temperature  in  different  cla&ses  of  ani- 
nials  presents  very  great  interest,  but  the  limits  of  a  work 
on  pure  human  physiology  restrict  us  to  the  plienomena  as 
observed  in  man,  and  in  animals  in  whicli  the  processes  of 
^ntrition  are  similar,  if  not  identical.  We  shall  therefore 
^^"eat  of  the  subject  from  one  point  of  view,  and  consider  it 
as  follows: 

L  The  normal  temperature  in  the  human  subject,  with 
^tft  Tariatione  in  different  parts  of  the  body  and  at  different 
Pexnods  of  life. 

2*  The  diurnal  variations  in  the  animal  temperature,  and 
^J^e  relations  of  alimentation,  digestion,  respiration,  nutri- 
^P^n,  exercise,  and  the  nervous  system. 

3,  The  means  by  which  the  temperature  of  the  body  is 
^ept  within  the  limits  necessary  to  the  preservation  of  life 
^nd  health. 

H^  Limita  of  Variation  in  the  N'ormal  Temperature  in 
^pKofi. — A  great  number  of  observations  have  been  made 
Upon  the  normal  temperature  in  the  human  subject  under 
different  conditions;  but  we  shall  cite  those  only  in  which  all 
sourcea  of  error  in  thermometry  seem  to  have  been  avoided, 
and  in  which  the  results  present  noticeable  peculiarities* 
One  of  the  most  common  methods  of  taking  the  general  tem- 
perature has  lieen  to  introduce  a  delicate  thermometer,  care- 
folly  protected  from  all  disturbiog  conditions,  into  the  axilla, 
reading  off  the  degrees  after  the  mercury  has  become  abso- 


*  HtRTZ,  Chiilnir  daru  Vital  de  mn/^tf, — Nouveau 
FtfiBi  1867|  tome  ri.^  p.  772,  €t  nq. 
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lutely  stationary.  Nearly  all  obserrationa  made  in  this  way 
agree  with  the  results  obtained  by  Gavarret/  who  estiinates 
that  the  temperature  in  the  axilla,  in  a  perfectly  healthy 
adult  man,  in  a  temperate  climate,  ranges  between  97" 7^ 
and  09*5*^,*  Dr,  Davy,  from  a  large  number  of  observa- 
tions on  the  temperature  under  the  tongue,  estimates  the 
Btandardj  in  a  temperate  climate,  at  98°,*  When  we  ex- 
unlne  the  temperature  of  the  blood  in  the  deeper  vessels 
and  the  variations  in  different  parts,  we  shall  see  that  the 
axilla  and  the  tongue,  being  more  or  less  exposed  to  external 
influences,  do  not  exactly  represent  the  general  heat  of  the 
organiam ;  but  these  are  the  situations,  particularly  the  axilla, 
in  which  the  temperature  is  most  fi-equently  taken,  both  in 
phyBiologieal  and  pathological  examinations.  As  a  standard 
for  comparison,  we  may  assume  that  the  most  common  tem- 
perature in  these  sitaations  is  98**,  subject  to  variation  within 
the  limits  of  health  of  about  0'5^  below  and  1'5*  above. 


Yariati&n8  with  External  Temjpera^wre. — There  can  be 
no  doubt  that  the  general  temperature  of  the  body  varies^ 

though  within  very  restricted  limits,  with  extreme  changes 
in  climate.  The  results  obtained  by  Davj^,  in  a  large  num- 
ber of  observations  in  temperate  and  hot  climates,  show  an 
elevation  in  tlie  tropics  of  from  0*5''  to  3*^/  It  is  well  known, 
also,  that  the  human  body,  the  surface  being  properly  pro- 
tected, is  capable  of  enduring  for  some  minutes  a  heat  much 
greater  than  that  of  boiling  water.  Under  these  eonditiond, 
tiie  general  temperature  is  raised  but  very  slightly,  as  com* 
pared  vrith  the  intense  heat  of  the  surrounding  atmosphere 
According  to  the  observations  of  Dr.  Dobson,  the  tempera- 
ture was  only  raised  to  99*S°  in  one  instance,  101'5''  in  an* 

*  GjirAiintTf  Ih  ht  chaleur  produUe  par  k»  ftrea  vimnit^  YaHb^  1666|  |>,  100. 

*  All  the  temperatures,  unless  !t  be  otherwise  slated,  are  girea  seoordiiig  10 
thf  Flihreiibdt  soale. 

i  Datt,  Iim»artht$,  Fh^Mogical  and  Anai&mieal^  London,  18S9,  toL  I,  p^ 

*  Patt,  toe.  a*. 
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other,  and  102°  in  a  thirdj  when  the  body  was  exposed  to  a 
heat  of  more  than  212®/  MM.  Delaroche  and  Berger,  how- 
ever, found  that  the  temperature  in  the  month  cotild  be  in- 
creased by  from  3*  to  9**,  after  sixteen  minutes'  exposure  to 
intense  heat/  This  was  for  the  external  parts  only ;  but  it 
is  not  at  all  probable  that  the  temperature  of  the  Inteni^ 
Cleans  ever  undergoes  such  extensive  variations. 

It  is  very  difficult  to  estimate  the  temperature  in  persons 
exposed  to  intense  cold,  as  iil  Arctic  explorations,  beoaose 
the  greatest  care  is  always  taken  to  protect  the  surface  of  the 
body  as  fully  as  possible ;  but  experiments  have  shown  that 
the  animal  heat  may  be  considerably  reduced^  as  a  tempo- 
rary eondition,  without  producing  death.  In  the  latter  part 
of  the  last  century,  Dr,  Currie  caused  the  temperature  in 
m  man  to  fall  15^  by  immersion  in  a  cold  bath ;  but  he 
could  not  bring  it  below  83"^,  This  extreme  depression, 
however,  lasted  only  two  or  three  minutes,  and  the  tem- 
perature afterward  returned  to  within  a  few  degrees  of 
the  normal  standard/  Nearly  the  same  results  were  ob- 
tained by  Hunter,  in  a  series  of  experiments  on  a  mouse. 
With  an  external  temperature  of  60°,  he  found  the  tempera- 
ture in  the  upper  part  of  the  abdomen  99*',  and  in  the  pelvis 
96**.     The  animal  was  then  exposed  for  an  hour  to  a  cold 

*  DoBWm,  ExperimenU  in  an  ffeaitd  Boom. — Fhilotophical  Tran»aetion^  Lon- 
don, im,  p,  US,  dteq, 

*  Pelaboghs^  Etphitnem  ntr  Im  tff0t$  gu^ynt /oris  chcdeur  prcMi  dimt  ri^m^ 
mie  0n4maU. — Thket  dt  PartB^  1806,  tome  L,  No.  xi.  M.  neljurocbe,  in  oonneoo 
lioD  wiib  M.  Berger,  m&de  &  number  of  verf  Interesting  experimentB  apon  tbe 
Loflueoce  of  btgh  lemper&tare«  upon  tlie  general  he&t  of  the  bodj.  Deiarocbe 
rcokAUied  for  eight  mlnoies  exposed  to  a  tempemture  of  176'',  and  the  tempera^ 
twir  under  the  tongue  wai  r^Ued  from  &  little  over  98*  to  nearly  107*.  In  an 
experiment  of  the  Mine  kind  bj  Berger,  the  temperature  was  ruUed,  In  sirteeD 
minutet,  from  flS*  to  nearly  105'.  Enclosed  in  a  hot  stcAro-bath  of  firom  100* 
to  120*,  tbe  temperalare^  In  one  Instance,  was  raised^  In  thirteen  minutei,  to 
oter  lOS',  and  in  amyther,  In  fil^en  minutes,  io  101  "^  (Loc.  cU,^  pp.  43,  44). 

'  QCKitUf  An  Acet9mni  of  tks  rtmarh^e  Effects  of  a  Shiptcreek  on  ik$  Jforf- 
wiih  EtperimmU  9nd  Ohtfrvaiumt  on  (he  Injtumce  of  Immennon  in  frtA 
mmi  mii  Waifr,  hot  md  cold^  on  iht  I\n»en  of  thtt  limng  Bod^.—Philo»ophictd 
,  Looddi,  1792,  p.  204,  «r  §eq. 
D8 
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atmosphere  of  13**,  and  tliere  was  a  diminution  of  the  tem- 
perature at  the  diaphragm  of  16*'^  and  at  the  pelvis  of  18*.* 
Tbese  results  show  that  while  the  normal  Tariations  in 
temperature  io  the  human  suhject,  even  when  exposed  to 
great  climatic  changes,  are  very  slight,  generally  not  ranging 
hejond  two  degrees,  the  hody  may  he  exposed  for  a  time  to 
exees&ive  heat  or  cold,  and  the  extreme  limits,  consistent 
with  the  preservation  of  life,  may  be  reached^  As  far  as 
has  been  ascertained  by  direct  experiment,  these  limits  are 
83°  and  107°;  giving  a  range. of  about  15°  below  and  9* 
above  the  average  standard  under  normal  conditions,* 

VariaiioTis  m  diferent  Parts  of  the  Body, — It  is  to  be 
esqiected  that  the  temperature  of  the  internal  organs  should 
be  higher  and  more  constant  than  that  of  parts,  like  the  axilla 
or  moutli,  more  or  less  exposed  to  loss  of  heat  by  eva]iiinition 
and  contact  with  the  cool  air ;  and  the  differences  observed 
in  the  blood  in  certain  parts,  as  in  the  two  sides  of  the  heart, 
have  important  bearings,  as  we  shall  hereafter  show,  upon 
the  various  tlaeories  of  animal  heat.  We  sliall  here  simplv 
note  the  variations  observed  in  the  blood  in  difierent  situa- 
tions, and  confine  ourselves  chieHy  to  late  observations, 
which  have  generally  been  made  with  apparatus  much  more 
reliable  and  delicate  than  was  formerly  employed. 

A  great  number  of  experiments  have  been  made  upon 
moditicationa  in  temperature  accompanying  the  general 
change  of  the  blood  from  arterial  to  venous ;  but  periiaps 
the  mcjst  exact  and  elaborate  are  those  by  If.  Claude  Ber- 
nard. For  measuring  the  temperature  in  different  part£  of 
the  vascular  system,  he  used  the  exceedingly  delicate  **  me- 

*  HgNTKK,  (^fservaiionM  on  certain  Fdrit  of  th*  Ammal  (Meonomy^  licndoiv 

1792,  p.  114. 

'  Wc  h&re  referred  oiilj  to  obseirationa  upon  the  influeace  of  the  sttrnyimdp 
log  temperature  ia  nmn  and  miLminalj  generally.     Certain  important  peotiUAn- 
ties  in  this  regard  have  been  obstTred  ia  hlbenuting  animalisi,  and  in  reptHeiv 
flahes,  and  Inaects,  the  conBideratton  of  which  belongs  to  comparaliTo  pbm  - 
ology. 
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tastatic  "  thermometers  of  M.  Walferdin ;  *  and  in  all  com- 
pamtive  observations  he  employed  the  same  metrument,  in- 
trodaced  successively  into  difterent  part^^  frequently  revers- 
ing the  order,  and  employing  every  i»recantion  so  as  to  insure 
perfectly  physiological  conditions.  The  preeminent  skill  of 
\i^  (listin^shed  observer  in  experimenting  upon  living  ani- 
m&k  is  almost  in  itself  a  sufficient  guarantee  of  the  accuracy 
of  his  results. 

It  is  universally  admitted  that  the  blood  becomes  slightly 
lowered  in  its  temperature  in  pas,sing  tbrough  the  general 
capillary  circulation ; '  but  the  amount  of  diiference  is  ordi- 
tiariiy  not  more  than  a  fraction  of  a  degree,  and  is  dependent, 
in  all  probability,  upon  external  conditions  and  the  evapora- 
tioa  constantly  going  on  from  the  surface  of  the  body.  This 
&ct  is  not  at  all  opposed  to  the  proposition  that  the  animal  heat 
is  generated  in  greatest  part  in  the  general  capillary  system, 
ttsone  of  the  results  of  nutritive  action  ;  for  the  blood  circu- 
Ifttw  with  such  rapidity  that  the  heat  acquired  in  the  Uapil- 
Iwies  of  the  intenial  organs,  where  little  or  none  is  lost,  is 
but  slightly  diminished  l}efore  the  finid  passes  into  the  arte- 
nes,  even  in  circulating  through  the  lungs ;  and  the  evapora- 
tion from  the  surface  simply  moderates  the  heat  acquired  in 
tli€  tissues,  and  keeps  it  at  the  proper  standard.  We  knovr 
tkt  the  heat  of  the  body  is  e-qualized  by  means  of  the  circn- 
-ation  and  cutaneons  transpiration;  and  all  comparative  ob- 
s^ationii  on  the  temperature  in  different  parts  show  that, 
*iere  it  is  not  subjected  to  refrigerating  influences^  the  blood 
^  farmer  in  the  veins  than  in  the  arteries. 

The   elaborate  investigations  of  Bernard  have  demon- 

*^ted  that  the  blood  is,  as  the  rule,  from  O-aS"*  to  1*8** 

^^rmer  in  the  hepatic  veins  than  in  the  aorta.     The  tem- 

f'^i'ature  in  the  hepatic  veins  is  from  0*18°  to  1"44°  higher 

^  Bkri6arp,  ZiquithM  de  Vorffaniime^  Paris^  18S9,  tome  L,  p.  67»  d  «y*     Ber- 
^*ii  here  gir««  a  full  deBcription  of  this  inBtrument,     With  it  he  has  been  *blo 

tiote  «c«uratelj  varintionfl  of  ^iif  of  &  dt^gre*  cent 
^        *  BiuiAiLD,  ^  «iL^  p.  66,  and  X^kgilt,  Traiti  d€ ph^/thlogU^  Paris,  1869,  tome 
^   ^517. 
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than  ill  the  portal  reins.  These  figures  are  the  result  of 
numerous  experiments  made  on  dogs.  The  maximum  of 
thirty -tliree  observations  upon  the  temperature  in  the  aorta 
was  lOd'S"^,  and  the  minimum,  98*78°;  the  maximum  of 
thirty-two  observationB  upon  the  portal  vein  was  106'3^'*, 
and  the  minimum,  100*04° ;  the  maximum  of  thirty-five  ob- 
BervatioiiB  upon  the  hepatic  veins  was  107°,  and  the  mini- 
mum, 99*86°/  Compared  with  the  aorta,  the  temperature 
of  the  portal  veia  was  generally  found  to  be  higher  (maxi- 
mum of  diftereuc^,  0'9°) ;  but  in  a  few  iui^taneee,  five  out  of 
fifteen,  it  was  a  veiy  little  lower,  which  is  explained  by  Ber* 
nard  by  the  supposition  that  the  intestinal  canal  is  not  en- 
tirely removed  from  external  modifying  influences*  These 
results  show  that  the  bluo<l  coming  from  the  livei*  i&  warmer 
than  in  any  other  part  of  the  body* 

The  general  fact  that  the  superficial  parts  are  cooler  than 
those  less  expose*!  to  loss  of  heat  by  evaporation,  observed 
by  Uimter/  Davy,"  and  others,  does  not  demand  extended 
discussion  ;  but  in  a  series  of  experiments  by  Breechet  and 
Beequerel,*  who  were  among  the  fii^t  to  employ  thenno 
electric  apparatus  in  the  study  of  animal  heat,  it  was  found 
that  the  cellular  tissue  was  from  2'5°  to  3-3®  cooler  than  the 
muscles.  This  difference  will  be  readily  understood  when 
we  consider  the  production  of  heat  in  the  general  system^ 
and  more  especially  in  the  highly-organized  parts. 

A  most  interesting  question,  in  this  connection,  relates 

*  Bernaad,  op.  cit^  p.  84.  We  have  calculated  tbeae  resulto  &om  an  elabo- 
rate tiibiG  given  bj  Bernard,  but  bare  disregarded  two  obaerrmtiocta  (Koa.  IT 
and  18,  table  iii.),  made  on  animala  after  deaths  the  cnrcutatiou  being^  kept  up 
by  artilictal  respiration. 

*  Hunter,  .EkperimtrUa  and  ObterwUiofU  en  Animtth,  wilh  retpfid^  to  (Ik  I^r^er 
of  producing  ffeai, — Ot>te?^*aii<mM  on  certain  Pari^&fiht  Ammal  OShtmrnm^y  Loor 
don,  1792,  pp.  108,  UB. 

*  IJatt,  Eevatvhe^f  Fhtf&ioloffical  and  Anaiomkal^  Londofi,  1SS9«  toI  l^  p 
190,  el  «^.  The  paper  here  referrod  tt>  first  appeared  in  the  Fhiltmphttid 
Tratmiction^  io  IB  14. 

*  Brsscqit  et  BccgtrEBEL,  PremUr  mhnoire  mr  la  chaUur  animaU, — Aimalm 
dt  ekimU  ei  dephtftique,  Paris^  1836,  tome  Ux.^  p.  129, 
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,  ^  tLe  comparative  temperature  of  the  blood  in  the  two 
]  Bides  of  the  heart.  Upon  thia  point  there  have  been  several 
^i'^nfiicting  observations,  the  results  favoring  two  opposite 
theories  of  calorification.  By  some  it  has  been  thought  that 
Aebloocl  gains  heat  in  pas^sing  tlirongh  the  lungs,  and  this 
*fi  explained  by  the  theory  of  the  direct  union,  in  these  organs, 
^f  oxygen  with  the  hydro-carbons ;  while  others  suppose  that 
the  Mood  is  slightly  refi-igerated  in  the  air-cells.  The  ques- 
tions here  involved  will  be  fully  discussed  in  connection  with 
the  theories  of  animal  heat;  and  we  shall  confine  ourselves 
I  ^t  present  to  a  study  of  the  experimental  facts. 
B  An  excellent  review  of  all  the  important  direct  observa- 
H  tions  uj>on  the  temperature  of  the  two  sides  of  the  heart  in 
living  animals  is  given  by  Bernard,  as  an  introduction  to  his 
[original  experiments.  It  appears  from  this  that  Coleman, 
Astley  Cooper,  Saissy,  Davy,  Tliackrah,  and  Nasse,  found 
I  the  Wood  warmer  in  the  left  side  of  the  heart  tlian  iu  the 
hL  Mayer  did  not  find  any  difference  in  animals  re- 
[oeBtly  killed.  Autenreith  found  the  blood  warmer  in  the 
Itnght  Bide  in  an  animal  recently  killed,  the  circulation  being 
cept  np  by  artificial  respiration.  Berger,  Collard  de  Mar- 
ftigny,  Magendie  and  Bernard,  Ilering,  Georg  von  Liebig, 
*-tid  Fick  found  a  marked  difference  in  favor  of  the  right 
aide.*  This  being  the  state  of  the  question  in  1869,  it  r^ 
huains  to  see  how  far  the  conditions  under  which  these  re- 
1^ Tilts  were  obtained  are  capable  of  explaining  their  contra- 
1  dictory  character. 

It  is  evident  that,  when  the  chest  is  opened,  the  external 

^'^frigerating  influences  might  act  differently  upon  the  two 

fi'des  df  the  heart,  particularly  as  the  right  ventricle  is  much 

B  ^tinner  than  the  left.     It  would  not  be  improper,  indeed,  to 

■  exclude  all  observations  made  in  this  way,  and  depend  en- 

tjr^ly  upon  exjieriments  in  which  the  physiological  condi- 

"Ong  are  not  so  palpably  viohited.    JIagendie  and  Bernard 

^trodnced  delicate  thermometers  into  the  two  sides  of  the 


*  Bnt^ABO,  Liguidet  de  toryanmne^  Fadfl,  1859,  tome  L,  p.  55,  «f  ifg. 
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Iieart,  tlirough  the  vessels  in  the  neck^  without  opening' 
chest.     These  experiments  were  made  upon  a  horse,  andj 
right  heart  was  always  found  considerably  wanner  thanj 
left.     Bering  introiliiceJ  a  thermometer  into  the  eavit 
of  the  heart  in  a  living  calf  affected  with  cardiac  ect 
The  temperature  of  tlie  right  side  was  102'74°,  and  the  ] 
side,  101-79°/     Georg  wii  Liebig  illustrated  one  of 
sources  of  error  in  all  examinations  made  after  opening  < 
chest,  by  filling  the  cavities  of  the  heart  of  a  d(^  with  warm 
water,  placing  the  organ  in  a  water-bath,  and  bringing  i 
two  i!?"ides  to  precisely  the  same  temperature.     After  &% 
minutes'  exposure  to  the  air,  the  temperature  in  the  rig 
ventricle  was  sensibly  lower  than  in  the  left,  which  wa^ 
doubtedly  due  to  the  difference  in  the  thickness  of  the  walli 
Tlie  observations  by  Bernard  himself  upon  dogs  and 
are  very  conclusive,  as  far  as  these  animals  are  concerne 
In  dogs  he  found  a  difference  of  from  O'l**  to  0'2*,  alwajj 
in  favor  of  the  right  side;  and  the  results  in  sheep  wei 
nearly  the  same,* 

A  eerier  of   experiments  recently  instituted  by  C^18 
shows  pretty  conclusively  that  there  are  other  con<litioi 
that  may  account,  in  a  measure,  for  the  opposite  results  ( 
observations  on  the  temperature  of  the  two  sides  of ' 
heart,  besides  exjvosure  of  the  parts  to  the  air.     In  om  \i^ 
dred  and  two  experiments,  he  found  the  blood  warmer  i 
the  right  side  in  thirty *one;  in  fifty-one,  it  was  warmer  i 
the  left  side ;  and  in  twenty-one,  there  was  no  ditfeix?Tio 
He  finds  that  in  animals  covered  with  a  tluck  fleece,  1 
sheep,  whore  there  is  luit  little  loss  of  temperature  by  I 
general  surface,  the  blood  in  the  right  heart  is  gene 

^  BEAKi^Rn  {op.  eii.,  p.  1041,  et  $eq,)  gives  a  fyi  aocouni  of  Uus  Tcrf  iitt«MI> 
ing  obserTAtion. 

*  Bernard^  op,  ciL^  p.  G5. 
>  Op.  cit,  pp.  UO,  116. 

*  Colin,  Srpirrierwet  ntr  la  ckaliur  aninudt,  in  the  report  by  LoxoBT. — { 
imrmdm,  PtriB,  1867,  tome  kiv.,  p.  464.    Tbe  error  in  the  figure*  quoted  li 
in  the  original  report. 


warmer  than  in  the  left ;  while  in  horses,  doga,  and  probably 
in  man,  where  there  is  considerable  losa  of  heat  by  the  skin, 
the  blood  ia  warmer  on  the  left  side.  It  is  difficult  to  ex- 
plain how  the  blood  can  pass  through  the  Innga  without 
loBing  a  certain  amount  of  heat,  but  the  experiments  jnst 
detailed,  taken  in  connection  with  some  of  the  earlier  ob- 
fierrations,  leave  little  doubt  as  to  the  fact. 

These  experimenta  are  only  indirectly  applicable  to  the 
hnman  subject ;  and  if  it  bo  proven  that  in  animals,  the  con- 
ditions vary  with  "  the  state  of  the  skin,  the  digestive  appa- 
ratus, and  the  muscular  system,"  *  it  is  impossible^  in  the 
abi^nce  of  positive  demonstration,  to  say  what  change  in 
temperature,  if  any,  takes  place  in  the  blood  in  its  passage 
through  the  lungs.  The  only  reliable  observations  upon 
tbid  point  in  man  are  those  lately  made  by  Prof.  Lombard, 
of  Boston.  Prof-  Lombard  used  in  his  experiments  a  very 
ingeniouB  and  delicate  thermo-electric  apparatus,  capable 
of  indicating  a  difference  of  ^jhr  ^^'  ^  degree  cent*  With 
this  inj^trnment,  he  was  able  to  determine  very  slight 
variations  in  the  temperature  of  the  blood  in  the  arterial 
system,  by  simply  placing  tlie  conductors  over  any  of  the 
superficial  vessels,  like  the  radial.  Of  course  it  is  impossible 
to  note  the  actual  temperature  in  the  two  sides  of  the  heart 
in  the  hnman  subject  during  life ;  but  Prof,  Lombard  en- 
deavored to  arrive  at  tJie  same  end,  by  calculating  that  if  all 
the  sources  of  refrigeration  in  the  lungs  were  artificially 
removed,  the  blood  in  the  arteries  should  gain  about  the 
same  amount  of  heat  that  would  be  lost  under  ordinary  con- 
ditions. To  etiect  this  object,  he  breathed  air  saturated 
with  moi&tnre  and  of  the  same  temperature  as  the  circulating 
blood*  "  If,  then,  when  respiration  takes  place  under  ordi- 
nary circumstances,  the  blood  is  cooled  one-third  of  a  degree 
(oent)  in  passing  through  the  lungs,  the  temperature  should 

*  CoLijr^  loe,  cU, 

*  LaMBAftn»  Jk9criptkm  d'un  mntvel  appartU  iktrm^Meetnque  pour  PetHtk  4€ 
m  dkaUnr  tmim^^Arehivtt  dtph^tMops,  Paria,  1868,  tome  I,  p,  498. 
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be  raified  so  much ;  that  is  to  say,  one-third  of  a  degree, 
when  we  respii'e  air  at  the  temperature  of  the  blood  and 
saturated  with  the  vapor  of  wat^r^  all  lo&s  of  heat  then  being 
impossible,"*  In  nmnerous  experiinents  performed  on  thk^ 
principle,  Prof.  Lombard  failed  to  observe  a  soffieiently 
marked  elevation  of  teTnj)erature  to  justify  the  eouclnsiou 
that  the  blood  is  ordinarily  cooled  in  passing  through  the 
lungs.  These  experiments  cannot  be  so  positive  as  thos^ 
made  by  introducing  thermometers  into  the  heart  in  living 
animals  without  opening  the  chest  or  disturbing  the  circu- 
lation; but  they  are  important,  in  connection  with  such 
observations,  as  failing  to  prove  that  the  blood  is  either 
cooled  or  heated  in  the  lungs. 

From  these  facts  it  appears  that  there  is  no  positive  evi- 
dence of  any  change  in  the  temperature  in  the  blood  in  pa£8-^ 
ing  through  the  lungs  in  the  human  subject.  In  animals  there 
probably  exist  no  constant  differences  in  temperature  in  the 
two  sides  of  the  lieart.  When  the  loss  of  heat  by  the  gen* . 
eral  surface  is  active,  as  in  animals  with  a  slight  covering  of 
hair,  the  blood  is  generally  cooler  in  the  right  cavities ;  but 
in  animals  with  a  thick  covering,  that  probably  lose  a  great 
deal  of  heat  by  the  pulmonary  surface,  the  blood  is  cooler  00 
the  left  side.  There  can  he  no  doubt  that  there  are  refri- 
gerating influences  in  the  lungs,  both  fi^om  the  low  tempera- 
ture of  tlie  inspired  air  and  evaporation ;  but  these  are 
equalised  and  sometimes  overcome  by  processes  in  the  blood 
itself;  although,  as  we  ehall  see  hereafter,  the  lungs  are  by 
no  means  the  most  importimt  organs  of  calorification. 


VariMions  at  different  Periods  of  Life, — The  most  Im- 
portant variations  in  tlie  temperature  of  the  body  at  different 
periods  of  life  are  observed  in  infants  just  after  birth.  Aside 
from  one  or  two  observations,  which  are  admitted  to  be  ex- 

^  Lombard,  Hecherchen  erphrimmtalea  tur  l^it^uena  d$  la  rmpirdum  mr  b 
tHHi^ratnrt  du  »ang  daiu  tonpcamffe  d  travtn  U  p&amom. — Ar^hivm  dt  pk^ 
oliitfif^  P*rU»  I8fl9,  tome  il,  p.  7. 
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^^spti»mal,  the  body  of  the  iafant  and  of  joung  mammalia 
^Hcl  birds,  removed  from  the  mother,  presents  a  diminution 
|J^  temperature  of  from  one  to  nearly  four  degrees.  This 
^^^portant  faet  was  established  by  W.  F,  Edwards/  who 
*3a.ade,  alt?o,  a  number  of  curioufi  and  instructive  experiments 
^pon  the  power  of  young  warm-blooded  animals  to  reskt 
^^l<h  In  infancy  the  ability  to  rem^t  cold  is  less  than  in 
l^^ter  years ;  but  after  a  few  days  the  temperatm*e  of  the 
^shild  nearly  reaehes  the  standard  in  the  adult,  and  the 
"^^Hattons  produced  by  external  conditions  are  less  consid- 
erable. These  facts  have  been  fully  confirmed  by  the  re- 
^^sarches  of  Despretz,*  Koger,'  and  otliers. 

The  experiments  of  W,  F,  Edwards  have  an  important 
*^aring  upon  our  ideas  of  nutrition  during  the  flrBt  periods 
**f  extra-uterine  life.  He  found  that  in  certain  animals,  par- 
"^^Cularly  dogs  and  cats,  that  are  born  with  the  eyes  closed 
^^d  in  which  the  foramen  ovale  remains  oi>en  tor  a  few  days, 
^he  temperature  rapidly  diminished  when  they  were  removed 
from  the  body  of  the  mother,  and  that  they  then  become 
^■^uced  to  a  condition  approximating  that  of  cold-blooded 
Animals ;  but  after  about  fifteen  days,  this  change  in  tem- 
perature could  not  be  effected.  In  dogs  just  bom,  the 
temperature  fell  after  three  or  four  hours'  separation  from 
the  mother  to  a  point  but  a  few  degrees  above  that  of  the 
BUrrounding  atmosphere/  The  views  advanced  by  Edwards 
ai^  fully  illustrated  in  instances  of  premature  birtli,  when 
the  animal  heat  is  much  more  variable  than  in  infants  at 


1  W.  ¥.  Edwards,  Be  rinfuetua  det  offens  phi^nquet  mr  la  vi«,  PariSf  1824, 
P,  234. 

'  DcSFRirrz,  JUcherehet  exph-inienlala  mr  Ic*  cttmea  de  la  chtileur  anitiuile. — 
-^nnaUt  de  chimie  H  de  phyviqucy  Pam^  1824,  tome  xxvi.,  p.  338.  Deupretz 
foand  tbe  temperature  In  three  inflmts,  between  one  and  two  dATS  old,  only 

'  RooEJt,  De  la  temperature  cha  le§  mfttntt  d  rUai  phiftioloffiqut  d  paiho* 
io^qtfs. — Archiv6$  ffhitndm  de  mSdedne,  F&riBt  1845,  4me  B^riei  tome  ix«, 
p.  2«4. 

*^_^^j_p.  182,  d  Mf. 


406 


VUTBXnOSm 


terca,^  and  in  cases  of  persistetice  of  the  foramen  ovale.  In 
oertam  instances  in  which  life  has  been  prolonged  under  this 
abnormal  condition,  the  indiridual  is  nearly  in  the  condition 
of  a  cold-blooded  animah  We  can  ako  understand  the  re- 
markable power  of  resistance  to  asphyxia  in  newly-bom 
animalg  observed  by  Bnffou,  Legallois,  and  Edwards ; '  for 
it  u  well  known  that  cold-blooded  animak  will  bear  de- 
privation of  oxygen  mneh  better  than  the  higher  clasises.  | 

In  adult  life  there  does  not  appear  to  be  any  marked  \ 
confitant  variation  in  the  normal  temperature;  but  in  old 
age,  according  to  the  obeervations  of  Davy,  while  the  ac- 
tual temperature  of  the  body  h  not  notably  reduced,  the 
power  of  resisting  refrigerating  influences  is  diminished 
very  considerably/ 

There  are  no  positive  observations  showing  any  constant 
diffei'enees  in  the  temperature  of  the  body  in  the  sexes ;  and 
it  may  be  assumed  that  in  the  female,  the  animal  heat  ia 
modified  by  the  same  influences  and  in  tlie  same  way  as  in 
the  male. 


Diurnal  YaHatiofU  %n  t-he  Temperature  of  the  Body, — 
Although  the  limits  of  variation  in  the  animal  temperature 
are  not  very  extended,  certain  fluctuations  are  observed,  de» 
pending  upon  reposie  or  activity,  digestion,  sleep,  etc,  which 
it  is  necessary  to  take  into  account.  These  conditions,  which 
are  of  a  perfectly  normal  character,  may  produce  changes  in 
the  temperature  amounting  to  from  one  to  three  degrees.  It 
has  been  ascertained  that  there  are  two  well-marked  period* 
in  the  day  when  the  heat  is  at  its  maximum*  These,  according 
to  the  most  recent  observations  in  Germany,  are  at  eleven 
A.  M.  and  four  p.  m.  ;  and  it  is  a  curious  fact,  that  while  all 

^  W.  F.  Edwtirda  noted  a  temperature  in  the  axillft,  of  a  little  loas  than  W, 
two  or  throe  hours  after  birth,  in  an  iufiint  bom  at  the  sereDtli  mouth  (Cijp.  dl, 

■  See  ToL  L,  Respirfltion,  p,  420,  ti  iteq. 

*  Davt,  On  thu   Temperaiure  of  Man  in  admmctd  A^, — Ph^'&loffiml  R^ 
IMireAdfi  Loedon,  1868,  p.  4,  d  9fq. 
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^^l>scr?ation9  ngree  upon  this  point,  the  very  elahorate  ex- 

X^^xnments   of   Lichtenfek   and   Frohlich   &how   that   these 

X*«?inods   are   we!l-markei]j  even    when   no   food   is  taken. 

"iirenspmn^  and  Ladame  fnrtlier  show  that  the  fall  in  tern 

P^x-atnre  during  the  night  takes  place  sleeping  or  waking ; 

^^id  that  when  sleep  is  taken  during  the  day  it  does  not 

Qistnrb  the  period  of  the  maximum,  which  occui's  at  about 

L*biir  p.  m/ 

^^  According  to  these  experiments,  at  eleven  in  the  mom- 
^»^gj  the  animal  heat  is  at  one  of  its  periods  of  maximum;  it 
^P^i'^ually  diminishes  for  two  or  three  hours  and  is  raised 
^^nin  to  the  maximum  at  about  four  in  the  afternoon,  wlien 
^^  again  undergoes  diminntion  until  the  next  morning.  The 
i  ^^^j'iations  amount  to  from  about  1°  to  2'16.°  The  minimum 
^V^  always  during  the  night. 

^B        The  relatione  of  the  animal  temperature  to  digestion  are 

^^^tiill  somewhat   indefinite.     It   is  well   known  that  activity 

^f  the  digestive  organs  increases  the  consumption  of  oxygen, 

^^d,  to  a  corresponding  degree,  the  exhalation  of  carbonic 

^^d  ;  but  we  have  to  as^-^ume  that  the  production  of  heat  is 

^^  direct  ratio  to  the  respiratory  action  in  order  to  establish 

nr   relation  between  calorification   and   the   digestion  of 

rdinary  food.     It  is  easy  to  calculate  that  a  given  amount 

f  oxygen  will  produce  a  definite  quantity  of  carbonic  acid, 

wUI,  by  its  union  with  carbon  and  hydrogen,  generate  a 

'^jwlaiu  number  of  "  units  of  caloric ;  '^  but  the  mechanism  of 

the  prcMluetion  of  animal  heat  is  too  complex  and  not  well 

enough   understood   to  admit  of   such  p<>fiiitive   reasoning, 

There  is,  indeed,  no  experimental  evidence  of  any  marked 

and  constant  change  in  the  general  temperature  of  the  body 

during  the  ordinary  process  of  digestion ;  but  it   is  none 

the  less  true  that  the   quantity  and  quality  of  food  bear 

*  LicHTr!im.s  usd  FbOhlich^  B^ohachiuti^m  w&*r  dU  Guetu  d«t  Ganffu  der 
JhdifirequffU  und  KorperKiimtt  in  den  normalen  Zuttandm.^DfnkachH/i^n  der 
iaiferliehm  Akad,  der  Wtuensrhaften^  rmihafiatiscK-naturmMtriichttftHelu  CJaoc, 
^ien,  I8£S2,  B<i  uL,  Zweit*?  Abtk,  S.  118,  d  «eq, 

•  LoKOKT,  TraiU  de  ph^tioioffie,  Puria,  1869,  tome  ii.,  pp,  499,  684*  ' 
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a  certain  relation  to  calorification.  This  is  inevitable  from 
the  connection  of  animal  heat  with  the  general  prooees 
of  nutrition  ;  bat  this  relation  is  expressed  in  the  con- 
nection of  calorification  with  nutrition  of  the  tissues,  and 
not  in  the  process  of  preparation  or  absorption  of  food.  We 
shall  see  that  when  nutrition  is  modified  by  alimentation, 
the  general  temperature  is  always  more  or  less  affected ;  and 
when  the  requirements  of  the  system,  as  far  as  the  genera- 
tion of  heat  is  concerned,  are  changed,  by  cUmate  or  other- 
wise, alimentation  is  modified.  One  of  the  objects  of  ali- 
mentation and  nutrition  is  to  maintain  the  body  at  a  nearly 
constant  temperature^ 

The  influence  of  defective  nutrition  or  inanition  upon 
the  heat  of  the  body  is  very  marked.  John  Hunter,  in  his 
experiments  upon  animal  beat,  made  a  few  observations  upon 
this  point,  and  noted  a  decided  fall  in  temperature  in  a 
mouse  kept  ftistmg/  The  same  phenomena  were  also  ob- 
served by  Collard  de  Martigny;*  but  Chossatj  to  whose 
memoir  we  have  so  fully  referred  in  another  volume  under 
the  head  of  inanition,  noted  the  effects  of  deprivation  of 
food  upon  the  power  of  maintaining  the  animal  temperature, 
in  the  most  exact  and  satisfactory  manner.  This  point  has 
already  been  so  fully  considered  that  it  is  only  necessary  in 
this  connection  to  note  the  general  results.  In  pigeons,  the 
extreme  diurnal  variation  in  temperature,  under  normal  con- 
ditions, was  found  by  Chossat  to  be  1'3.°  During  the  prog- 
ress of  inanition,  the  daOy  variation  was  increased  to  5*9,* 
with  a  slight,  but  well-marked  diminution  in  the  absolute 
temperature ;  and  the  periods  of  minimmn  temperature  were 
unusually  prolonged.  Immediately  preceding  death  from 
starvation,  the  diminution  in  temperature  became  very 
rapid,  the  mte,  in  the  observations  on  turtle-doves,  being 


ampliU  ^alimens  miides  d  Uquidea,— Journal  de  phytwfoffie^  Firifi,  18iS,  lomO 
TiiL,p.l68. 
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from  7^  to  11**  per  hour.  Death  usuallj  occured  when  the 
diminution  had  amomited  to  about  30*.  * 

When  the  eiuTounding  conditions  call  for  the  develop- 
ment of  an  unusual  amount  of  heat,  the  diet  is  alwaya 
modified,  lioth  as  regards  the  quantity  and  kind  of  food ;  but 
when  food  is  taken  in  sufficient  quantitj  and  u  of  a  kind 
capable  of  maintaining  proper  nutritiQUj  its  conipoeition 
does  not  affect  the  general  temperature.  If  we  were  to 
adopt  without  reserve  the  view  that  the  non-nitrogenized 
alimentary  principles  are  the  sole  agents  in  the  production 
of  heat,  we  should  certainly  be  able  to  determine  either  an 
increase  in  tlie  animal  heat  or  a  greater  loss  of  heat  from 
the  Burface,  in  persons  partaking  largely  of  this  kind  of 
food.  This,  however,  has  not  been  shown  to  be  true ;  and 
the  temperature  of  the  body  seems  to  be  uniform  in  the 
same  climate,  even  in  peraons  liv^ing  upon  entirely  different 
kinds  of  food.  The  elaborate  observations  of  Dr,  Davy  are 
very  conclusive  on  this  point:  '*The  similarity  of  tem- 
perature in  different  races  of  men  is  the  more  remarkable, 
fliDce  between  several  of  them  whose  temperatures  agreed, 
there  was  nothing  in  common  but  the  air  they  breathed — 
some  feeding  on  animal  food  almost  entirely,  as  the  Yaida — 
others  chiefly  on  vegetable  diet,  as  the  priests  of  Boodlio — 
and  others,  as  Europeans  and  Africans,  on  neither  exclu- 
sively, but  on  a  mixture  of  both,"  ■ 

Nevertheless,  the  conditions  of  external  temperatore 
have  a  remarkable  influence  upon  the  diet.  It  is  well 
known,  for  *  example,  that  in  the  heat  of  summer,  the 
amount  of  meats  and  fat  taken  is  small,  and  the  succulent, 
fresh  vegetables  and  fruits,  large,  as  compared  with  the  diet 
in  the  winter.  But  although  the  proportion  of  starchy  mat- 
ters in  many  of  the  fresh  vegetables  used  during  a  short  season 
of  the  year  is  not  large,  these  articles  are  equally  deficient 

I  Obobut,  Jle^ktrtkei  txphimmtalea  »ur  tinatiiiion^  Patifl,  1843,  p.  128, 
*  DATTf  Mmtarthei^  Phtftiologied  and  Anai^mkal^  Londan^  1889,  toL  I,  p. 
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ia  nitrogenized  matter.  During  the  winter,  tbe  ordinary 
diet,  composed  of  meat,  fat,  bread,  potatoes,  etc.,  contains  a 
lai^  amount  of  nitrogenized  substance,  as  well  as  a  con- 
siderable proportion  of  the  hydro-carbouB ;  and  in  the 
fiummer,  we  instinctively  reduce  the  proportion  of  both  of 
these  varieties  of  principles,  the  more  succulent  articles 
taking  their  place.  This  is  oven  more  strikingly  illus- 
trated by  a  comparison  of  the  diet  in  the  torrid  or  tern- 
perate  and  the  frigid  zone.  Under  the  head  of  alimentation, 
we  have  already  noted  the  prodigious  quantities  of  food  con- 
sumed in  the  Arctic  regions,  and  the  effect  of  the  continued 
cold  upon  the  habits  of  diet  of  persons  accustomed  to  a  tem- 
perate climate*  It  is  stated,  on  undoubted  authority,  that 
the  daily  ration  of  the  Esquimaux  is  from  twelve  to  fifteen 
pounds  of  meat,  about  one-third  of  which  is  fat.  Dr.  Hayes, 
the  Arctic  explorer,  noted  that  with  a  temperature  ranging 
from  — (50*^  to  — 70,*^  there  was  a  continual  craving  for  a 
strong,  animal  diet,  particularly  fatty  substances.  Some  of 
the  members  of  the  party  were  in  the  habit  of  drinking  the 
contents  of  the  oil-kettle  with  evident  relish,' 

Under  such  conditions  as  those, which  surround  inliabit- 
ants  of  temperate  regions,  in  passing  into  the  frigid  zones  a 
change  in  diet  is  imperatively  demanded,  in  order  to  keep 
the  animal  temperature  at  the  proper  standard ;  but  when 
the  climate  is  changed  from  the  temperate  to  the  torrid,  the 
habits  of  life  frequently  remain  the  same.  It  is  a  pretty 
general  opinion  among  physicians  Mio  have  studied  the  sub- 
ject specially,  that  many  of  the  peculiar  disorders  that  affect 
those  who  have  changed  their  residence  from  a  temperate  to 
a  very  warm  climate  are  due,  in  a  great  measure,  to  the  fact 
that  the  diet  and  habits  of  life  are  unchanged. 

The  influence  of  alcoholic  beverages  upon  the  animal 
temperature  has  been  studied  cliiefly  with  reference  to  the 

1  Hati8»  An  Areiie  Boai-Jonrrut}f^  Boston,  I860,  pp.  357,  SS9,  mid  Ameritan 
/avm€tl  of  the  AMM  Seimeea^  Pbiliidelplik,  1809,  Kc»w  Series,  yd*  xxxTiiL, 
p.  114,  etMeq, 
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Question  of  their  use  in  enabliiig  the  system  to  resist  exces- 
sive cold*     Davy  states  that  "  the  effect  of  wine,  unless  used 
in  great  moderation,  is  commonly  lowering,  that  is,  as  to 
temperature,  while  it  accelerates  the  heart's  action,  followed 
after  a  while  by  an  increase  of  temperature."'     We  have 
already  discnssed  somewhat  fully  the  physiological  effects 
of  alcohol,  and  have  sliown  that  its  nse  does  not  enahle  men 
to  endure  a  very  low  temperature  for  a  great  lengtli  of  time. 
This  is  the  universal  testimony  of  scientific  Arctic  explorers ; 
and  Dr.  Hayes  pai-ticnlarly  states,  that  *'  in  almost  any  shape, 
it  is  not  only  completely  useless,  but  positively  injurious.'" 
The  relations  of  animal  heat  to  respiration  and  nutrition 
institute  a  most  interesting  and  important  division  of  the 
ibject,  which  will  he  more  fully  considered  in  discussing  the 
varions  theories  of  calorification.    As  a  rule,  when  the  respira- 
tory activity  is  physiologically  increased,  as  it  is  by  exercise, 
bodily  or  mental,  ingestion  of  food,  or  diminished  external 
teinperatm-e,  the  generation  of  heat  in  the  body  is  correspond- 
igly  augmented ;  and,  on  the  other  hand,  it  is  diraimshed 
yy  conditions  which  phyBiologically  decrease  the  absorption 
of  oxygen  and  the  exhalation  of  carbonic  acid.     The  only 
positive  experiments  upon  the  influence  of  simple  increase  in 
the  number  and  extent  of  the  respiratory  acts  are  those  of 
Prof.  Lombard,     lie  found  that  when  the  respirations  were 
.increased  in  depth  and  freqnency  for  ten  minutes,  there  was 
a  diminution  of  two  degrees  in  the  temperature  over  the 
radial  artery.     There  was  also  a  very  slight  lowering  of  the 
r  temperature,  from  'OOl  to  '01  of  a  degree  cent.,  in  from  a 
minute  to  a  minute  and  a  half  after  suspension  of  respiration. 
Prof.  Lombard  explains  these  plienomena  by  the  mechani- 
cal effects  of  the  condition  of  the  lungs  upon  the  arterial 
pressure.* 

^  Datt,  I%yinolo^€<al  Beamreha,  London,  1863,  p.  57. 

•  HihTBilf  (Huervaihnt  on  the  RetatimiE  ezixting  beheeen  Food  and  the  C*ipt^ifiHm 
wf  Mm  tfy  rmisi  Low  TanperaiureM. — American  Journal  of  the  Mtdieal  Scienemf 

^Fhlladelphla,  1S&9,  Xew  Series,  rol.  rxxviih^  p.  117. 

*  Lombard,   Mc^rckeg  es^phimenialm  tur  qudqutt   infiueneet  ncn  iittdiSe$ 
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Tlie  relations  of  animal  heat  to  the  general  procees 
nutrition  are  most  intimate.  Any  condition  tliat  in< 
the  activity  of  nutrition  and  of  disassimilation,  or  even  an 
thing  that  increases  disa&similation  alone,  will  increase  th 
production  of  heat  The  reverse  of  this  proposition  is  equallj 
tme.  In  patholof^j,  the  heat  of  the  body  may  be  increase! 
by  a  deficient  action  of  the  skin  in  keeping  down  the  tem- 
perature,  without  any  increase  in  the  activity  of  calorification, 
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Ii^fiuenoB  of  E&ercUe^  etc,^  upon  the  Heat  of  the  Bod^.— 
The  influence  of  muscular  activity  upon  animal  heat  ispecu* 
liarly  interesting  in  connection  with  the  theories  of  calorifi- 
cation, from  the  fact  that  the  muscular  system  constitutes  tliej 
greatest  part  of  the  organism ;  and,  as  has  repeatedly  been 
shown  by  experiment,  a  muscle  taken  from  a  living  animal^ 
is  not  only  capable  of  contraction  upon  the  application  of  8 
stimulus,  but  will  perform  for  a  time  certain  of  the  acta  of 
nutrition  an<l  disassimilation,  such  as  the  appropriation  of  H 
oxygen  and  the  generation  and  exlialation  of  carbonic  acid.  H 

The  most  complete  repose  of  the  muscular  system  is  olh 
served  during  sleep,  when  hardly  any  of  the  muscles  are 
brought  into  action,  except  those  concerned  in  tranquil  respi- 
ration. There  is  always  a  notable  diminution  in  the  general 
temperature  at  this  time.  John  Hunter  found  a  diflerei 
in  man,  of  about  one  degree  and  a  half.'  This  fact  has 
confirmed  by  all  who  have  studied  the  question  experimej 
tally.  In  the  diurnal  variations  in  the  temperature  of  the 
l>ody,  the  minimum  is  always  during  the  night ;  and,  as 
have  already  seen,  this  is  not  entirely  dependent  upon  sleeps 
for  a  depression  in  temperature  is  constantly  observed  at  th 
time,  even  when  sleep  is  avoided.' 

It  is  a  matter  of  common  observation,  that  one  of  the 

jtaqu^ici  4m  Ut  tmpiraH/m  wur  la  UnqikraNft  du  wrpt  hMmaim^ — ArMtm  it 
p^^ftUdoffk^  Fam,  1808^  tome  i.,  p.  496. 

'  HiriiTEil,  OimfTvattorit  on  certain  Fari$  0/  iki  Anirnal  (EetnUHn^^  LfHuloi^ 
noa,  p.  114. 

»  See  p.  407. 
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moet  effective  methods  of  resisting  tlie  depressing  influence 
of  cold  is  to  constantly  exercise  the  muscles ;  and  it  h  well 
known,  that  after  long  exposure  to  intense  cold,  the  tendency 
to  sleep,  which  hecomes  almost  irresi&tihle,  if  indulged  in,  is 
followed  by  a  very  rapid  lose  of  heat  and  almost  certain 
death.  It  is  not  necessary  to  cite  the  accounts  of  travellei-s 
and  others  in  support  of  these  facts.  In  some  animals,  the 
amount  of  increase  in  the  temperature  during  niuBcular 
activity  is  very  great,  and  this  is  notably  marked  in  the 
cl^Sfi  of  insects.  In  the  experiment  a  of  Newport,  on  bees 
and  other  insects,  a  difierence  of  about  27°  was  noted  be- 
tween the  conditions  of  complete  repose  and  great  muscular 
activity.*  The  same  facts  were  observed  by  Dutrochet,  but 
he  operated  upon  single  iusectSj  and  observed  an  elevation 
of  only  a  fraction  of  a  degree,'  These  facts  are  interesting, 
**  showing  the  very  great  elevation  of  temperature  that  can 
"©produced  in  the  lower  order  of  beings  during  violent  ex- 
^tement ;  but  in  man,  tlie  difterences,  tliongh  distinct,  are 
'^^T'er  very  considerable,  for  the  reason  that  violent  mus- 
^''ilar  exertion  is  generally  attended  with  greatly-increased 
•^on  of  the  skin,  which  keeps  the  heat  of  the  body  within 
^^y  restricted  limits*  In  the  ex]>eriments  of  Newport,  the 
J*^  of  heat  from  the  surface  was  arrested  by  confining  the 
*^^secta  in  small  glass  bottles. 

The  efleots  of  active  exercise,  as  in  fast  walking  or  riding, 
^^^e  Yevy  well  observed  by  Dn  Dav}%  He  found  a  con- 
^^Ut  elevation  in  the  general  temperature  (taken  under  the 
tongue),  amounting  to  between  one  and  two  degrees  ;  ■  but 
^**^  most  marked  effects  wei'e  observed  in  the  extremities, 
^®peciaUy  when  they  were  cold  before  taking  the  exercise.* 

*  XnrroRT,  On  the  Temperahire  of  Insfdt^  and  itt  Connexkm  with  th$  Futu^ 
*•  of  Rmpirniiim  and  Circuiaiiim  in  this  CTowi  of  Invertthratt  AnimaU"^ 
^^iotophic&l  TVawMdimM,  Londoo^  1837|  p.  281. 

'  DuTROCSST,  Beehereha  mr  ta  chdeur  propre  de»  itrfM  vimfur  d  hmn  temp^f^ 
^"^.^Amnatm  dm  nimeu  natvreiU^,  Zoologu^  Puris^  1840,  2iDe  s^ttep  tome  liiL, 

*Davt,  PhyMcgM  Bmarchm^  London,  1S68,  p,  U.        *  Ibid.,  p.  11. 
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The  elevation  in   temperature  that   attends    iiinsc 
action  19  produced  directly  in  the  ffabstance  of  the  mn 
This  important  fact  was  settled  by  the  very  interesting  i 
ingenious  exptriments  of  Becquerel  and  Breschet.    Iiiti 
ducing  a  thcnno-electric  needle  into  the  biceps  of  a  mi 
who  used  the  ami  in  saMring  wood  for  five  minuter,  thfl 
physiologists  noted  an  elevation  of  temperature  of  one  i 
gree  centigrade'  (nearly  two  degree*  Fahr.).     The  prodoo- 
tion  of  heat  in  the  moscular  tissue  was  even  more  strikin 
illostrated  by  Matteucci,  in  experiments  with  portions  < 
muscle  firom  the  frog.     Not  only  did  he  obaerve  aha.orj>ti(l 
of  oxygen  and  exhalation  of  carbonic  acid  and  water  t 
the  muscle  had  been  removed  from  the  body  of  the  anu 
but  he  noted  an  elevation  in  temperatnre  of  about  oiie  i 
gree  Fahr.,  following  contractions  artificially  excited/ 

It  is  ttselesa  to  multiply  citations  of  experiments  illn 
tratiug  the  facts  above  noted,  or  to  discuss  elaborately  \ 
theoretical  transfortnation  of  a  given  quantity  of  caloric  in 
a  definite  and  invariable  amount  of  work.     The  eorwiitii^ 
in  the  animal  economy  are  such  that  we  cannot  exactly  i 
preciate  the  loss  of  lieat  by  the  cutaneous  and  reepirnt* 
Burfaces  ;  nor  can  we  follow  the  processes  in  the  body  wh 
involve  the  diBappearance  of  oxygen  and  the  evolution  ( 
carbonic  acid ;  the  exact  changes  undergone  by  the  hyd 
carbonaceous  elements  of  food  and  constituenta  of  the  hodf  j 
the  amount  of  heat  involved  in  the  changes  of  tlie  nitrt 
genized  elements ;  and,  in  short,  we  cannot  make  the  ourrec- 
tions  that  are  absolutely  necessary  before  we  can  hope  to  i 
dnce  the  question  of  the  oxidation  of  certain  principles  in  \ 
body,  the  development  of  heat,  and  the  generation  of  mech 
ical  force^  to  exact  mathematical  calculation.     This  luis  be^n' 
attempte^I  by  Beclard  '  and  others,  who  have  endeavored  t*> 

*  B£i:mckrkl  ft  Bksschkt,  JPremir  mimoiretur  la  ekatemr  aHamak.^JLmai^ 
de  eMmU  d  d*  pkudfue^  FkrU^  1886,  lone  iix.^  p.  118* 

*  EATTKTtx'r,  E^hfrcktt  9ur  im  pMnamhMt  pKyniptm  H  ikimiqmm  dt  U  tf^ 
ineHon  mwicuktirf, — Comptm  rtmdtm^  Piiris,  1856^  tgrne  xHL,  p.  6&L 

'  BicLAiuv  Ik  ta  eoniraetiim  m9i$culain  dant  §c$  ra^poHt  aume  la  tempkro^ 
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^Ihblish  the  nnraerical  value  of  certain  acts  in  what  are 
*6lfled  ''^  mechanical  equivaletits  of  heat,*'  or  ^Mieat-uuits." 
llhfl  obfl^^vations  of  B^clard  possess  considerable  physiolo- 
gical intere^st,  but  they  are  useful  chiefly,  if  not  entirely,  in 
their  positive  results. 

Observations  upon  the  influence  of  mental  exertion  on 
'the  temperature  of  the  body  have  not  been  so  numerous,  but 
thev  are,  apparently,  no  less  exact  in  their  results.  Dr.  Davy 
traa  the  first  to  make  any  extended  experiments  on  this 
int,  and  has  noted  a  slight  but  constant  elevation  dnring 
ited  and  sustained  attention."  *  More  lately,  the  same 
of  observation  has  been  followed  by  Prof.  Lombard,  who 
ployed  much  more  exact  methods  of  investigation.  Prof. 
ILombard  noted  an  elevation  of  temperatm-e  in  the  head 
[during  mental  exertion  of  various  kinds,  but  it  was  slight, 
■he  highest  rise  not  exceeding  the  twentieth  of  a  degree.' 

It  is  stated,  also,  that  the  temperature  of  the  body  is  in- 

creasecl  by  the  emotions  of  hope,  joy,  anger,  and  all  exciting 

lassions ;  while  it  is  dhninished  by  fear,  fright,  and  mental 

istress.     Burdach,  from  whom  the  foregoing  statement  is 

ken,  cites  an  example  of  an  elevation  of  temperature  from 

6**  to  99*5°  in  a  violent  access  of  anger,  and  a  descent  to 

82*75**  under  the  influence  of  fear,  but  the  temperature  soon 

tetnrned  to  9T-25^' 

[  The  nervous  system  exerts  a  most  important  influence 
^ver  the  animal  temperature,  as  it  modifier  the  circulation 
d  the  nntritive  prooesses  in  particolar  parts.  The  most 
iteresting  of  these  influences  are  transmitted  through  the 
pathetic  system.  These  Mrill  be  discussed,  to  a  certain 
nt,  in  connection  with  the  theories  of  calorification  ;  but 
ej  cannot  be  taken  up  fidly  until  we  come  to  consider  the 

-ArtAivtB  phth-atm  de  mWwrV,  Paris,  1801,  5rae  ftdcie,  tome  xtU. 
reonchiflioni  in  this  iutepeflting  memoir  arc  to  be  found  on  page  277,  ^  **q. 

•  DaTTj  Fkynwlof^ical  Eaieitrehi*,  London,  18d3»  pp*  ItJ,  61. 

•  LoxBABn,  EeperimmU  on  ths  RdaihfiMof  Hmt  (q  Mental  Worh^Ntm  Tiyrk 
IJontmal^  1867,  vol.  t.,  p.  198,  Htttq. 

■  Bnu>ACS,  TrmU  ifc  jjAyt /o/c^,  Pwis,  1S41,  tomo  Ix.,  pi  M5, 
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fiinctiond  of  the  gympathetic  system  and  its  relations  to  nu* 
tritioiu    In  this  oonnectioiiy  we  shall  simply  allude  to  eerta 
phenomena  manifested  throiigh  the  nervuus  sjetem,  witlia 
Rtterapting  to  fullj  explain  their  meebaniam. 

It  ie  well  kno\m  that  when  the  sympathetic  nerves  goil 
to  a  particular  part  are  divided,  the  arterial  coats  are  pan 
lyzed  and  dilated,  the  supply  of  blood  h  increased,  nutriti< 
is  locally  exaggerated  and  more  or  less  modified,  and 
temperature  of  that  particular  part  is  increased  by  from  fi« 
to  ten  degrees.     An  illustration  of  these  facts  in  the  ear  ( 
the  rabbit,  after  division  of  the  sympathetic  in  the  neck,  i 
very  common  observation,  which  we  have  often  veritied  i 
public  demonstrations.     All  of  these  unnatural  plienomefli 
disappear  on  galvuniidng  the  divided  extremity  of  the  ner 
These  local  modifications  in  the  temperature  have  beeii  fil 
quently  observed  paUiolDgicall}^  in  the  human  subject. 

A  number  of  curious  local  variations  of  temperature  ( 
be  explained  by  direct  or  reflex  action  through  the  sympi 
thetic  nerves.     Brown-S^quard  and  Lombard  observed  ih 
pinching  of  the  skin  w*as  soon  followed  by  an  elevatioul 
temperature,  and  was  attended  also  with  a  diminution  in  i 
temperature  in  the  corre^ixkuding  member  on  the  oppc^ 
Bide.     Sometimes  tbe  irritation  of  the  upper  extremities  pK 
duced  changes  in  temperature  in  the  lower  limbs.* 
pies  of  reflex  action  through  the  sympathetic  nerves 
given  by  Tholozan  and  Brown-S6quard,  in  a  very  inten 
ing  series  of  experiments.     These  physiologists  fuimd 
lowering  the  temperature  of  one  hand  produced  a  consid 
hie  diminution  in  the  temperature  of  the  other  hand,  witho 
any  great  depression  in  the  general  heat  of  the  body; 
Brown-Sequard  allowed  that  by  immersing  one  foot  in  wa 
at  41°,  the  temperature  of  the  other  foot  was  dimints 
about  7^  in  the  course  of  eight  minutes.' 

*  BuowN-SiQUARD  KT  LoMBAiLD,  E;q)hienc«9  9Hr  tin/umct  dt  tirrUaiitmi 
ntrfi  dt  la  peau  mr  la  tempiraium  dm  mimbrft, — Arckivtt  de  p^moln^t^  J 
ISeS,  tome  L,  p.  691. 

*  Tholosak  XT  Buowii-SxqCAmD,  Jiichgrckm  taphimmMm  tur  qmlfuimii 
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The  influence  of  the  cerebrospinal  system  upon  the  animal 

temperature  is  illostrateJ  in  case?;  of  paralysisj  when  there 

^s  generally  a  very  conBiderable  diminution  in  the  heat  of 

the  affected  part.     This  fact  was  noted,  many  years  ago,  by 

Earle,  who  also  observed  that  the  temperature  was  in  part 

i'estored  under  the  influence  of  electricity.     In  one  case  of 

|iaralysis,  he  found  the  temperatm-e  of  the  hand  of  the  af- 

^ftpted  Biile  70*^,  while  the  hand  of  the  sound  aide  was  92°. 

^fter  the  use  of  electricity  for  ten  minutes,  the  temperatui*e 

of  the  paralyzed  hand  was  raised  to  74°.     Ten  days  after, 

the  temperature  of  the  hand  on  the  paralyzed  side  was  71° 

lefore,  and  77°  after  electricity  had  been  employed/ 

It  is  evident  that  if  animal  heat  be  one  of  the  neceasary 
Attendant  phenomena  of  nutrition,  it  must  be  greatly  influ- 
enced by  the  state  of  the  circulation*     It  has  been  a  ques- 
tion, indeed,  whether  the  modifications  in  temperature  pro- 
duced by  operating  upon  the  sympatlietic  system  of  nerves 
be  not  due  entirely  to  changes  in  the  supply  of  blood.     It  is 
•certain  that  whatever  deterniines  an  increased  supply  of 
blood  to  any  part  raises  the  temperature ;  and  %rhenever  the 
quantity  of  blood  in  any  organ  or  part  is  conBiderably  dim  in- 
ishe<b  the  temperature  is  reduced.     This  fact  is  constantly 
iUastrated  in  operations  for  the  dcligation  of  large  arteries. 
It  is  well  known  that  after  tying  a  large  vessel,  the  ntrnost 
caiB  is  necessary  to  keep  up  the  temperature  of  the  part  to 
which  its  branches  are  distributed,  until  tlie  anastomosing 
Tessels  become  enlarged  sufficiently  to  supply  blood  enough 
fcr  healthy  nutrition.     In  the  experiments  of  Becquerel  and 
;,  simple  compression  of  the  artery  supplying  the 
Itmwas  sufficient  to  produce  an  immediate  fall  in  the  tem- 
perature,' 

^1^  froid  tur  th/>mme, — Jf>Hmd  de  la  phj^iokgie,  Parii,  18QS|  tome  L,  pp* 

'  B4iLK,  Cdtjet  and  ObiervatwnMt  HtuMtraiin^  ike  In/umen  o/lht  Ktrwm  8^ 
'^•«  Ttfgulatinff  Animal  Heal, — M§dictt-Ch%rurgicai  Trantactiont^  Loudon^  1818, 
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eomiCEs  OF  a^tsial  heat. 

Conneetlon  or  the  prodiictloa  of  heat  with  natridon — Se&t  of  the  prodaetioo  i»f 
atiimttl  heat — Helationd  of  animal  heat  to  the  diiferent  procesMS  of  Mttl* 
tioti— KelAtioDfl  of  atiiuiAi  heat  to  reepiratioti — The  oonfumptioooro 
and  tb«  production  of  carbonic  acid  in  connection  with  the  erolutiftft  ^ 
heat — ExaggeratJon  of  the  animal  temperature  in  p&rticiilar  parte  i 
dlTlaion  of  the  sympathy  tic  norre  and  in  InflammadoQ — Intimate  I 
the  calorific  processes— Equalizatioa  of  the  animal  temperatunk 

The  most  interesting  question  connected  with  ( 
tion  relates  to  the  sources  of  heat  in  the  liring 
and  a  carefid  estimate  of  the  physiological  value  of  all  1 
facts  that  have  been  positively  establis^hed  with  reference^ 
this  point  places   the   following  proposition  beyond 
reasoiiuble  doubt : 

The  generation  of  heat  in  the  living  animal  oi^aiibml 
connected,  more  or  less  intimately,  with  all  uf  the  pr 
of  nnti'ition  and  disassimilation,  including,  of  course, 
consumption  of  oxygen  and  the  production  of  carbonic  add; 
and  this  function  is  modified,  to  a  greater  or  lees 
all  conditions  that  influence  the  general  process  < 
or  tlie  operation  of  the  nutritive  forces  in  particular  par 

This  proposition  ia  not  contradicted  by  any  welWettl 
phyeiological  facts  or  principles.    Every  one  of  the  ftinctid 
of  the  body  bears  more  or  less  closely  upon  nntrition ;  ani 
all  of  tlie  phyi^iological  modifications  of  the  vn^" 
tione,  without  exception,  affect  the  process  of  caL, 
We  must  bear  in  mind  the  fact,  that  in  man  and  the  wann- 
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blooded  aaimaU  general ly^  the  maintenance  of  the  tem- 
perature of  tlie  organism  at  a  nearly  fixed  Btanilard  is  a 
neoessity  of  life  and  of  the  physiological  action  of  the  dif- 
ferent parts;  and  tliat  while  heat  is  generated  in  the 
gi^nifim  with  an  activity  that  is  constantly  varying^  it  is  as 
constantly  counterbalanced  by  physiological  lofes  of  heat 
from  the  cutaneous  and  respiratory  surfaces^  Variations  in 
the  activity  of  calorification  are  not  to  be  measured  by  cor- 
responding changes  in  the  teinj>erature  of  the  body,  but  are 
to  be  estimated  by  calculating  the  amount  of  heat  lost*  The 
ability  of  the  human  race  to  live  in  all  climates  is  explained 
by  the  adaptability  of  man  to  different  conditions  of  diet 
and  exercise,  and  to  the  power  of  regulating  loss  of  heat 
from  the  surface  by  appropriate  clothingp 

Our  proposition  r^arding  the  production  of  animal  heat 
is  in  no  wise  opposed  to  the  so-called  combustion-theory,  as 
it  is  received  by  most  phjnsiologists  of  the  present  day ;  but 
it  must  be  admitted  that  it  is  an  unfortunate  use  of  terms  to 
apply  the  name  combustion  to  the  general  process  of  nutri- 
tion, as  is  done  by  those  who  attempt  to  preserve,  not  only  the 
idesA  of  the  great  author  of  this  theory,  but  certain  modes  of 
eips^sssian,  which  were  in  accordance  only  with  his  limited 
knowledge  of  the  phenomena  of  nutrition.  If  we  speak  of 
animal  heat  as  the  restdt  of  combustion  of  certain  elements, 
it  will  be  necessary  constantly  to  refer  to  the  diiference 
between  combustion  as  it  occurs  in  the  organism,  aud  mere 
oxidation  out  of  the  body  ;  or  to  start  with  a  foil  definition 
of  what  is  to  be  understood  by  the  term  physiological 
oombustion,  which  reduces  itself  simply  to  a  definition  of 
mttrition. 

Kegarding  calorification,  then,  as  connected  with  all  of 
the  varied  processes  of  nutrition,  it  remains  for  us  to  deter- 
mine the  following  questions : 

1.  In  what  part  or  parts  of  the  organism  is  heat  gen- 
erated? 

3»  AVTbat  is  the  relative  importance  in  calorification,  as 
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regards  tbe  amount  of  heat  generated,  of  the  procese^     ^ 
nutrition,  as  we  can  study  them  separately  t 

3.  What  are  the  principles  invariably  and  of  nt 
consumed   and  produced  m  the  organism  in  ealorificatioQ 
and  what  is  the  relative  importance  of  the  principles 
consumed  and  the  products  thus  generated  and  thrown  offf  1 

4.  IIow  far  have  we  been  able  to  follow  those  mate 
transformations  in  the  organism,  which  involve  the  consiau] 
tion  of  certain  principles,  the  production  of  new  compound 
and  the  generation  of  heat  ? 

Seat  of  the  Production  of  Animal  Heal. — ^Few  if 

physiologists  at  the  present  day  hold  to  the  opinion  th 
there  is  any  part  or  organ  in  the  body  specially  and  excli^ 
sively  concerneti  in  the  production  of  heat.     In  the  early  1 
tory  of  the  oxidation4heory  of  Lavoiiier,  it  was  thought  1 
some  that  the  inspired  oxygen  combined  with  the  hyd 
carbons  of  the  blood  in  the  lungs^  and  that  the  heat 
the  body  wivs  generated  almost  exclusively  in  these  or 
but  this  idea  has  long  since  been  abandoned.     We  ha^ 
already  fully  considered  the  question  of  loss  or  gain  in 
teraperatui-e  of  the  blood  in  its  passage  through  the  Iue 
and  have  seen  that  there  iS,  to  say  the  least,  no  oonai 
elevation  sliuwing  a  generation  of  heat  in  tliese  organs,  sufl 
cient  to  wann  the  blood,  and  through  it  the  different  par 
of  the  body.     If  we  find  that  the  blood  in  coming  bom 
the  lungs  has  about  the  same  temperature  as  when  it 
teredj  it  must  be  admitted  that  there  is  a  oertain  generatio 
of  heat  to  compensate  the  loss  by  evaporation  from  the  pn 
monary  surface.    As  far  as  we  know,  the  heat  that  results  from" 
the  mere  physical  solution  of  oxygen  in  the  blood  is  all  that 
is  produced  in  the  lungs.     It  is,  indeed,  estimated  by  Mar- 
chand,  that  the  fixation  of  oxygen  in  this  way  is  marked  by 
an  elevation  of  nearly  2°  Falu',*     There  is  no  sutiicient  evi- 
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dence  to  show  that  the  lungs  are  special  organs  of  calorifi- 
cation; and  any  generation  of  heat  that  takes  place  here  is 
due,  probably,  to  purely  physical  phenomena  in  the  blood. 

The  theory  that  all  the  respiratory  changes,  involving 
the  consumption  of  oxygen,  the  production  of  carbonic  acid, 
and  the  evolution  of  heat,  take  place  in  the  blood  as  it  cir- 
cnlatee,  was  advanced  many  years  ago  by  Lagrange  and 
Hasaenfratz;*  but  recent  investigations,  showing  the  ap- 
propriation of  oxygen  and  the  evolution  of  carbonic  acid  by 
the  tissues  deprived  of  blood,  and  the  evident  production  of 
heat  in  the  mnscular  substance  and  in  other  parts,  have 
completely  overthrown  this  hypothesis. 

It  is  only  necessary  to  refer  back  to  the  pages  treating 
of  the  variations  in  the  temperature  of  the  blood  in  different 
parts,  to  show  that  heat  is  produced  in  the  general  system, 
and  not  in  any  particular  organ,  or  in  the  blcM^d  as  it  circu- 
lates. The  experiments  of  Matteucci,  showing  an  elevation 
of  temperature  in  a  muscle  excited  to  contraction  after  it 
had  been  removed  from  the  body,  and  the  observations  of 
Becqnerel  and  Breschet,  showing  increased  development  of 
heat  by  muscular  contraction,  are  sufficient  evidence  of  the 
production  of  heat  in  the  muscular  system ; '  and,  inasmuch 
aa  this  constitutes  by  far  the  greatest  part  of  the  weight  of 
the  body,  it  is  a  most  important  source  of  animal  heat. 

It  has  been  demonstrated,  by  the  experiments  of  Bernard, 
that  the  blood  becomes  notably  warmer  in  passing  through 
the  abdominal  viscera.  This  is  particularly  marked  in  the 
liver,  and  it  shows  that  the  large  and  highly-organized  vis- 
cera are  also  important  sources  of  caloric/ 

As  far  afi  it  is  possible  to  determine  by  experimental 
demonstration,  not  only  is  there  no  particular  part  or  organ 


*  HAttCKnuTX,  Mhnoir4  mtr  la  eombinaiMm  4e  Vosggkia  mm  le  carbom  M  TA^ 
t  dM  iflf^i  fvr  ia  dmoitUioH  de  Vfoyghid  dam  U  mi^,  W  tur  la  manUf^  dotU 

it  taiofi^  H  diffag€,—Annalet  de  ckhnk^  Paris,  1791,  kittie  is.,  p^  201, 

*  See  pA89  411. 

*  Set  pige  S99. 
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in  the  body  endowed  with  the  special  function  of  < 
tion,  but  everj  part  in  which  the  nutritive  force*  are  in 
operation  produces  a  certain  amount  of  heat ;  and  this  is 
probably  true  of  the  blood-corpuscles  aud  other  anatomical 
elements  of  this  cl'aes.    The  production  of  heat  in  the 
IB  geuerab  and  is  one  of  the  necessary  eonsequeuces  of 
process  of  nutrition;   but,  with  nutrition,  it  is  subject 
local  variations,  as  is  strikingly  illustrated  in  the  effects 
operations  upon  the  sympathetic  system  of  nervee,  and  the 
phenomena  of  inflammation. 


ligations  of  Animal  Heat  to  the  different  Processes  o} 
N%4riiion, — Nutrition  involves  the  appropriation  of  matte 
taken  into  the  body,  and  the  production  and  elimination 
elBfete  substances.     In  its  widest  signification,  this  includes 
the  consumption  of  oxygen  and  the  elimination  of  carboni 
acid ;  and,  consequently,  we  may  strictly  regard  reepiratii 
as  a  nutritive  act.    All  of  the  nutritive  processes  go  on 
gether,  and  they  all  involve,  in  most  warm-blooded  anini] 
at  least,  a  nearly  uniforjn  temperature.     During  the 
periods  of  embryonic  life,  the  heat  derived  from  the  mother 
is  undoubtedly  necessarj^  to  the  development  of  tissue  by  a 
change  of  substance,  analogous  to  nutrition,  and  even  supe- 
rior to  it  in  activity-    During  adult  life,  animal  heat  and 
nutritive  force  are  coexistent.     It  now  becomes  a  qnesti 
to  determine  whether  there  be  any  class  of  nutritive  pri 
ciples  speciaUy  concerned  in  calorification,  or  any  of  the  nu- 
tritive acts,  that  we  have  been  able  to  study  by  themselves, 
which  are  exclusively  or  specially  directed  to  the  mainte- 
nance of  the  temperature  of  the  body.     These  questiouj 
simply  involve  a  review  of  considerations  with  regard  to  th< 
relations  of  vjurious  of  the  functions  to  the  production  ol 
heat. 

The  supply  of  the  waste  of  tissue  being  effected  by  m^ 
morphosis  of  alimentary  matter — a  process,  the  exact  nal 
of  which  we  have  not  been  able  to  determine — ^it  has  th 
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^fiir  been  possible,  only,  to  divide  the  food  into  differcTit 
Of  these,  leaving  out  oxygen,  we  shall  consider, 
in  this  connection,  the  organic  matters,  divided  into  nitro- 
gemzed  and  non-nitrogen ized.  The  inorganic  Baits  are  al- 
Livays  combined  with  nitrogenized  matter,  and  seem  to  paea 
I  through  the  organism  without  undergoing  any  considerable 
change ;  and  there  is  no  evidence  that  they  have  any  connec- 
tion, of  themselves,  with  the  production  of  heat. 

TVhat  is  the  relation  to  calorification  of  those  processes  of 
autrition  which  involve  the  consumption  of  nitrogenized 
matter  and  the  production  of  the  nitrogenized  excrementi- 
tious  principles  ? 

We  cannot  study  these  phenomena  alone,  isolated  from 
the  other  acts  of  nutrition.  We  may  confine  an  animal  to 
purely  nitrogenized  diet,  and  the  heat  of  the  body  will  be 
itained  at  the  proper  standard ;  but  at  all  times  there 
.  a  certain  quantity  of  non-nitrogenized  matter  (sugar  and 
perhaps  fat)  produced  in  the  system,  which  is  only  formed  to 
be  consumed.  We  may  starve  an  animal,  and  the  tempera- 
ture will  not  fall  to  any  very  great  extent  until  a  shoi-t  time 
before  death.  Here  we  may  suppose  that  the  process  of  de- 
3ition  of  nutritive  matter  in  the  tissuee  from  the  blood  is 
aconsiderable,  as  compared  with  the  transformation  of  the 
substance  of  these  tissues  into  effete  matter ;  and  it  is  almost 
icertain  that  non-nitrogenized  matter  is  not  produced  in  the 
C^rganism  in  quantity  suflScient  to  account,  by  its  destruction 
in  the  lungs,  for  the  carbonic  acid  exlialed.  It  seems  beyond 
lueetion  that  there  must  be  heat  evolved  in  the  body  by  oxi- 
ition  of  nitrogenized  matter,  "WTien  the  daily  amount  of 
.  is  largely  increased  for  the  purpose  of  generating  the 
lense  amoimt  of  heat  required  in  excessively  cold  cli- 
^tes,  the  nitrogeniiced  matters  are  taken  in  greater  quan- 
tity, as  well  ajB  the  fats,  although  their  increase  is  not  in  the 
mmm  proportion.  When,  however,  we  endeavor  to  assign 
V>  the  nitrogenized  matters  a  definite  proportion  of  heat-pro- 
ducing power,  we  are  arrested  by  a  want  of  positive  knowl- 
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edge  with  r^ard  to  the  raetamorphoses  which  these  prin- 
ciples undergo ;  and  it  is  equally  impoBsihle  to  fix  the 
tive  calorific  value  of  the  deposition  of  new  material  in  rep 
of  the  tis6ueSj  and  the  change  of  their  substjiTir-e  info  e: 
matter  in  diBaesinnlation. 

From  theee  facts,  and  other  considerations^  iliat  have" 
already  been  fully  discussed  under  different  head*,  it  is  eri- 
dent  that  the  physiological  metamorphoses  of  nitrogenized 
matter  bear  a  certain  share  in  the  production  of  an 
heat ;  although,  in  connection  with  inorganic  matter,  thi 
chief  function  seems  to  be  the  repair  of  the  tissues  eiidowi 
with  the  so-called  vital  properties* 

What  is  the  relation  of  the  consumption  of  non-nii 
genized  matter  to  the  production  of  animal  heat  ? 

It  has  been  impossible  to  treat  of  the  relations  of  the 
non-nitrogenized  elements  to  nutrition  without  considering 
more  or  less  fully  the  part  these  principles  bear  in  the  pro- 
duction of  heat ;  and  we  must  refer  the  reader  to  the  p: 
vious  chapter  for  a  discussion  of  certain  of  these  point 
In  this  connection,  we  shall  simply  state  the  relations  thi 
this  class  of  principles  is  known  to  bear  to  calorification,  ani 
the  facts  upon  which  our  statements  are  based. 

It  has  been  pretty  clearly  shown  that  both  sugar  and  fi 
are  actually  produced  in  the  organism,  even  when  the  di< 
is  strictly  nitrogenized  in  its  character;  but  we  shall  onl; 
consider  the  relations  of  the  non-nltrogenized  elements  i 
troduced  into  the  body,  assuming  that  the  principles  of  th 
class  appearing  de  novo  in  the  organism  are  the  result  o1 
transformation  of  nitrogenized  substances. 

As  far  as  the  destination  of  the  amylaceous,  saccharine, 
and  fatty  elementa  of  frjod  are  concerned,  we  only  know  thi 
they  are  incapable,  of  themselves,  of  repairing  muscular  tii 
sue,  and  that  they  cannot  sustain  life.  They  are  never  di 
charged  from  the  body  in  health  in  the  form  under  whicl 
ihey  enter ;  but  are  in  part  or  completely  destroyed  in  nut 

*  See  puge  378»  ti  nq. 
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tion.  They  are  completely  destroyed  in  persons  who,  from 
habitual  muscular  exercise,  have  very  little  adipose  tissue. 
When  their  quantity  in  the  footl  it>  large,  they  are  not  of 
necessity  entirely  con£umed^  but  may  be  deposited  in  the 
form  of  adipose  tissue.  This,  however,  may  be  made  to  dis- 
appear by  violent  exercise,  or  under  an  insuiHcient  diet. 

There  can  be  no  doubt  that  the  non-nitrogenized  class  of 
alimentary  principles  is  craved  by  the  system  in  longKJon- 
tinued  exposure  to  extreme  cold.  This  is  particularly  marked 
with  regard  to  the  fats.  In  all  cold  climates,  fat  is  a  most  i in- 
important  element  of  food ;  and  in  excessively  cold  regions, 
while  the  nitrogenized  elements  are  largely  increased,  there  is 
very  much  larger  proportional  increase  in  the  quantity  of 
,t.  Tliese  facts  are  very  significant.  If  the  non-nitrogen- 
iaed  elements  of  food — which  are  not  always  indispensable, 
though  often  very  necessary  articles — ^donot  form  tii^sue,  are 
not  discharged  from  the  body,  and  are  consumed  in  some  of 
the  processes  of  nutrition,  it  would  seem  that  their  change 
mujst  involve  the  production  of  carbonic  acid,  perhujifi  also  of 
water,  and  the  evolution  of  heat.  It  is  so  difficult. to  ascer- 
tain the  exact  quantities  of  carbonic  acid,  watery  vapor,  etc., 
thrown  off  by  the  lungs,  skin,  and  other  eraunctories,  and  to 
estimate  the  exact  amount  of  heat  produced  and  lost,  that  it 
is  not  surprising  that  calculations  of  the  calorific  power  of 
different  articles  of  food  should  be  frequently  erroneous; 
particularly  as  we  have  no  means  of  knowing  the  exact  calo- 
rific value  of  the  nitrogenized  principles. 

Though  we  may  assume  that  the  non-nitrogenized  ele- 
ments of  food  are  particularly  important  in  the  production 
of  animal  Iieat,  and  that  they  are  not  concerned  in  the  repair 
of  tissue,  it  must  be  remembered  that  the  animal  tempera- 
may  be  kept  at  the  proper  standard  upon  an  exelu- 
ely  nitrogenized  diet;  and  we  cannot,  indeed,  connect 
odorification  exclusively  with  the  conaumption  of  any  sin- 
gle class  of  principles,  nor  with  any  single  one  of  the  acts 
of  nutrition. 
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Relations  of  Ccd&JtfUtHm  A?  ReftpiraUon, — Res^piration 
is  one  of  the  liutritive  processes  thaf  can  be  closel v  gtndied 
by  itaelf,  as  it  involves  the  appropriation  by  the  system  of  a 
Bingle  principle  (oxygen),  and  that  dimply  in  eolation  in  the 
blood.  There  can  be  no  doul)t  that,  of  all  the  nutritive  acte, 
respiration  is,  far  more  than  any  other.  Intimately  connected 
with  calorification*  As  far  as  the  general  process  is  eon* 
cemed,  the  production  of  heat  is  nsnally  in  direct  ratio  to 
the  consumption  of  oxygen  and  the  exhalation  of  earlH#mc 
acid.  In  the  animal  scale,  wherever  we  have  the  largest 
amount  of  heat  produced,  we  observe  the  greatest  respiratory 
activity.    In  man,  whatever  increases  the  '         "'eal 

increases  as  well  the  consumption  of  oxygt/  na- 

tion of  carbonic  acii  The  production  of  beat  in  wam^ 
blooded  anhnak  is  constant,  and  (-annotbe  inti  ^l,  eva 

for  a  few  minutes.     The  same  is  true  of  re? j  i.     The 

tissues  may  waste  for  want  of  nourishment,  but  the  heat  of 
the  body  must  be  kept  near  a  certain  standard,  which  is  almost 
always  much  higher  than  the  siirroimding  temperature ;  and 
there  is  no  other  nutritive  act  so  constant  and  so  immediately 
necessary  to  existence  as  tlie  appropriation  of  oxygen*  It  is 
not  surprising,  then,  that  early  in  the  history  of  the  physi- 
ology of  nutrition,  befi^re  we  knew,  even,  the  exact  oonditioti 
and  proportion  of  the  gases  in  the  blood,  it  should  have  been 
thought  that  animal  heat  was  the  result  of  slow  combustion 
of  the  hydro-carbons. 

The  physiological  history  of  respiration  and  of  animal  heat  -^ 
dates  from  the  same  series  of  discoveries.  In  the  latter  part  -^S 
of  the  last  century,  the  great  chemist,  Lavoisier,  discovered  ^-•l 
the  intimate  nature  of  the  respiratory  process,  and  applied-^E 
the  theory  of  the  consumption  of  oxygen  and  the  erolutioo^^^ 
of  carbonic  acid  to  calorification.  We  have  already  foUowed^^-l 
out  the  progress  of  this  discovery  in  connection  with  re^pirar^— *• 
tion  ;*  and  like  nearly  all  of  the  great  advances  in  ji^  -  •  '  j\  ^m 
cal  science,  the  distinctly-enunciated  idea  was  for^  ec^^ 

^  Se«  Tol.  L,  Re^iratioa,  p.  409,  H  §$q. 
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T)j  earlier  writers^.  The  most  remarkable  of  these  was  Hayow, 
^lo,  in  1667,  and  afterward  in  1674,  published  a  work  on 
"the  Sjnritns  NUro-asrexis^  and  on  reBpiration,  in  which  he 
attributed  to  the  nitro-aereons  gas  (oxygen)  the  property  of 
combining  with  the  blood  in  the  hings,  producing  the  red 
'Color,  and  generating  heat.*  These  ideas,  as  well  as  those 
advanced  by  Crawford,  near  the  time  of  the  publication  of 
the  first  observations  of  Lavoisier,  were  crude  and  indefinite, 
and  contributed  but  little  to  our  positive  knowledge  of  the 
mechanism  of  calorification.* 

It  will  not  be  necessary  to  treat,  from  a  purely  historical 
point  of  view,  of  the  discoveries  made  by  Lavoisier,  as  this 
has  already  been  done  sufficiently  under  the  head  L»f  res^pi- 
ration.*  He  undoubtedly  went  ae  far  in  his  explanations  of 
th^  phenomena  of  animal  heat  as  was  possible  in  the  condi- 
tion of  the  science  at  the  time  his  investigations  were  made ; 
and  although  he  inevitably  fell  into  some  errors  in  his  calcu- 
lations and  deductions,  he  must  forever  be  regarded  as  the 
author  of  the  first  reasonable  theory  of  the  generation  of 
heat  by  animals. 


The  Consumption  of  Orygen  and  Production  of  Ca/r- 
hofUc  Acid  in  Connection  mith  ths  Evolution  of  Seat — As 
far  80  it  has  been  possible  to  determine  by  actual  experiment, 

'  HaTOW|  Trad4xtus  quinqtte  Media^ph^awi,  QHorum  prim^ts  affii  df  Salniiro^ 
0l  JS^ritv  Xitro-aerm.  Secundus  d«  Jienpiraiiont^  etc.^  Oxonii^  1674^  p.  151,  el  wg. 
The  firat  edition  of  Uie  irork  on  ReipirAtion  was  ptibiyhed  in  1767. 

•  GiiAWFORD^  Eiperinunts  ond  Ohterrnidotts  oti  Anitnai  Meat^  London,  1788, 
HQOnd  edition,  p.  354^  ei  teq^  Crawford  pubtitthed  the  first  edicioa  of  hia  work 
in  1779,  but  tbe  aecood  edition,  in  which  his  views  are  avowedly  made  to  cor- 
retpcmd  with  the  observations  of  Larobier,  is  the  only  one  at  aU  accessible. 
from  all  we  oan  learn  of  the  matter  contained  in  the  first  edition,  from  extrnetA 
and  referencefi  In  other  trenliHes,  Crawford's  ideas  were  not  in  advance  of  those 
preaente<l  by  Lavoisier  to  the  Academy  of  Sciences^  in  1777. 

*  The  vsrioug  papers  publishvd  by  Lavoisier  and  8t'guiii,  and  Lavoisier  and  de 
Ia  Place,  arc  ecattered  through  tbe  voluroe;?  of  memoirs  of  the  French  Academy 
of  Scir-ncc*,  from  1 777  to  1790.  An  exhanstive  analytical  review  of  theie  memoira 
is  given  by  Gavarret  {De  la  chaleur  pn>duite  pir  lea  Hrts  vivant»^  Paris,  1855,  pt. 
left,  H  «0y,), 
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all  aiumak,  even  those  lowest  in  the  E^cale,  appropriate  oxr 
gen  and  eHminate  carbonic  acid ;  and  this  is  eqiiallj  true  ol 
all  living  tisanes.    In  1775,  Lavoisier  noted  the  fact  that  th< 
gas  obtained  by  decomposing  the  ojdde  of  mercury  was  moi 
active  than  tlie  air  in  maintaining  the  respiration  of  animalsj 
Two  jeare  later,  he  compared  oxidation  by  respiration  in 
animals  to  ordinary  combustion,  and  advanced  the  hypothe-i 
813  that  this  action  was  the  cause  of  the  constant  temperatu: 
of  animals  of  about  32^^  Reaumur."    A  little  later,  he  pnl 
lished  the  remarkable  experiments  in  which  he  e&timai 
the  amount  of  "  combustion  ■ '  in  a  Guinea-pig,  by  callectiu] 
tlie  carbonic  acid  exhaled,  and  compared  it  with  the  amouni 
of  heat  loBt  by  the  same  animal  in  a  definite  time.*     Here 
he  met  with  some  difficulty,  and  found  that  the  heat  pro- 
duced, according  to  his  calculations,  did  not  quite  equal  th< 
heat  lost*    In  later  memoirs  he  ascertained  positively  ih 
the  carbonic  acid  exhaled  in  respiration  did  not  represeni 
the  totality  of  the  oxygen  consumed ;  and  he  attributed  th( 
production  of  heat  in  part  to  the  union  of  oxygen  with  h 
drogen.*    Since  it  has  been  ascertained  that  oxygen  is  di 
solved,  as  oxygen,  in  the  arterial  blood,  that  it  disappears  in 
part  or  entirely  in  the  capillary^  circulation,  that  carbonic 
acid  is  taken  up  by  the  venous  blood,  both  in  solution  and  in 
feeble  combination  in  the  bicarbonates,  to  be  discharged  in 
the  lungs  by  displacement  and  the  action  of  the  pneamie 
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'  LATOisrKB^  Mhnoire  tur  la  nature  du  prindpe  qui  §t  tomiftn*  at*ee  U$  i 
peftdant  Uur  mleinaHon^  d  qui  m  emgmente  h  poith, — HiMioirf  dt  tactuUmk  toftik 
d£»  •ciVncfli,  ann^e^  1775^  Parifl,  HIS,  pp*  521,  525, 

*  Latoibixr,  Memoin  tvr  la  combustion  en  ffhtSrtti, — Hittoirt  de  i 
rotf(tle  de»  aeienee»^  ann^e,  HtTi  PhHb,  1780,  p.  6^9. 

*  LATOisim  ET  nK  la  Place,  Mhnoirt  de  h  ehaUur. — HUknre  di  J 
ro}faU  dSw  «fTcrxre»»  ann6e,  1780^  Parig,  1784,  p*  407. 

*  Latoibiss,  Mhnofre  mr  U9  altSralUmt  qm  arrit^mi  d  tatr  dams  p(tt 
cireonatanem  01^  §e  tromfmt  /<«  hommet  rt'nttU  en  aociHK — ffistoirt  de  la  todH^ 
royair  d<  mhkdne,  anuses,  1782  et  1788,  Puns,  1787,  p.  574. 

SsauiN  rr  Latoisiir,  Premier  metnoire  Mur  la  rapiration  dm  mrntmami. ^ 

Htnt^ire  de  V<icadhni«  rojfaU  det  tdenea^  ann^e,   17S9|  Paris,  I793|  p.  66$.^^ 
el  iteq. 
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•cid,  and  that  the  tissues  themselves  have  the  property  of 
appropriating  oxygen  and  exhaling  carbonic  acid,  those  who 
adopt  the  theory  of  Lavoisier  have  simply  changed  the  seat 
of  oxidation  from  the  lungs  to  the  general  system. 

It  has  been  proven  beyond  question  that  oxygen,  of  all 
the  principles  introduced  from  without,  is  the  one  most  im- 
mediately necessary  to  nutrition;   and  it  diflers  from  the 
dafis  of  substances  ordinarily  known  as  alimentary,  only  in 
the  fact  that  it  is  consumed  more  promptly  and  constantly. 
In  the  same  way,  carbonic  acid  is  to  be  regarded  as  an  ele- 
ment of  excretion,  like  urea,  creatine,  etc.,  differing  from 
them  only  in  the  immediate  necessity  for  its  elimination.' 
^  the  coraparatiTely  slow  excretion  of  urea  and  other  nitro- 
genized  matters  is  connected  with  the  ingestion  of  ordinary 
alimentary  substances  that  are  slowly  appropriated  by  the 
tissues,  so  the  rapid  elimination  of  carbonic  acid  is  connected 
^ith  the  equally  rapid  appropriation  of  oxygen.     There  is 
^o  reason  why  we  should  not  regard  carbonic  acid,  like  other 
^eta  substances,  aa  an  excretion,  the  result  of  dfsassimila- 
^ou  of  the  tissues  generally ;  but,  oaore  closely  than  any,  it 
*®  Connected  with  the  rapid  and  constant  evolution  of  heat. 
-'^s  view  is  proven  by  the  experiments  of  Spallanzani,' 
'^-  F.  Edwards,'  and  Collard  de  Martigny/     All  of  these 
^*^inent  observers  demonstrated,  beyond  a  doubt,  that  car- 
*^Uic  acid  may  be  fonned  in  the  system  and  exhaled,  in 
^■^tnals  deprived  of  oxygen,  and  that  its  exhalation  will 
^t©  place  from  a  piece  of  tissue  freshly  removed  from  a 


^fcNi 


Collard  de  Hartignj,  who  wai  one  of  tlie  moat  powerful  opponents  of 
^ombuitioD'thcory  of  o^mm&l  heat,  concludes  the  account  of  his  expert* 
^^t*  on  the  production  of  carbonic  acid  with  the  statement  that  it  "  is  a  prod- 
^  Of  atidmilaiivt  dteompotiiion^  gfotitd  in  the  capillaries,  and  taxrcted  hj  the 
l"  {Jofurnfil  (k  pk^moioffif^  PapiH,  1830^  tome  x.,  p»  I*H), 
^  SpiXLAMSASi,  Mhnoirmmir  ia  retpiraiion^  Genhve^  1803^  pp.  86,  34S. 
Edwards*  Jh  rinjhmi^  dei  a^enr  ph^tiqum  tur  la  vie^   Piiris,    1824,  ^ 
^^  «t  $tiq^  and  p.  455,  ei  seq. 

'  CoLLAftJ)  DE  M  ASTIONT,  Jt^eherthtf  etperimtffiialu  d  eritiquiM  mir  tahtorptitm 
'  Vt^alaium  nupirahirft. — Journtd  de  ph^ofo^e^  Paris^  1830,  tome  x*,  p. 
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living  animal  and  placed  in  an  atmosphere  of  hydrogen  or 
nitrogen. 

Ex]>erimentB  on  the  influence  of  the  sympathetic  nerves 
upon  the  temperature  of  particular  parts  have  completed  the 
chain  of  evidence  in  favor  of  the  localization  of  the  heal 
prodneing  fmiction  in  the  tiftsuea.  It  is  not  our  purpo&e  to 
dificuea  the  relations  of  the  synipathetic  system  to  nutrition, 
deferring  this  subject  until  we  come  to  treat  specially  of  the 
nervous  system ;  but  tlie  facts  bearing  on  calorification  arei 
briefly  aa  follows : 

If  the  6)Tnpathetic  nerve  be  divided  in  the  neck  of  a 
rabbit,  or  any  other  warm-blooded  animal,  the  side  of  tlie 
head  supplied  by  this  nerve  will  become  from  five  to  eight 
or  ten  degrees  warmer  than  the  opposite  side,  or  than  the 
rest  of  the  body,  ThiB  observation  we  have  repeatedly  veri- 
fied, Tlie  conditions  under  which  this  local  exaggeration  of 
the  animal  heat  is  manifested  are,  dilatation  of  the  arteriee 
of  supply  of  the  part,  so  that  it  receives  very  much  more  blood 
than  before,  and  increased  activity  of  the  general  process  of 
nutrition.  It  also  has  been  observed,  in  experiments  npon  the 
horse,  that  the  blood  coming  from  the  part  is  red,  and  con- 
tains very  much  more  oxygen  than  ordinary  venous  blood/ 

The  recent  observations  of  MM.  Estor  and  Saint-Pierre 
show  that  the  blood  coming  from  inflamed  parts,  iu  which 
there  is  a  considerable  elevation  above  the  normal  temper- 
ature, is  red,  and  contains  from  fifty  to  two  hundred  and 
fifty  per  cent,  more  oxygen  than  ordinary  venous  blood.* 
These  facts  are  regarded  as  inconsistent  with  the  view  that 
the  temperature  of  parts  is  due  chiefly  to  oxidation;  hut 
when  we  consider  the  fact  that,  in  the  conditions  above 
mentioned,  the  actual  quantity  of  blood  circulating  in  these 

^  BcRif  ARHf  Siir  la  ^ttantiU  d'oxyffmt  que  caniieni  U  9tmff  Mnate  dm  ofyaM 
fflandulairfM^  d  I' Hat  de/ottcHon  d  d  tMat  de  rqam, — CcmpU*  rmidm^  Fkil%  IBM, 

tome  shii.,  p.  31)8,  note, 

Utm  roiUff«  drs  fismu  enjlammh, — Journal  de  tanaiomfe^  Piiriii,  1 864,  lome  1,  JK 
4]2|  mud  Dtt  ne^  de*  eotnlmtlion*  r^pindotrtt, — Ibid.,  I860,  tome  iL,  p.  314 
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?^n^  18  increased  many  times,  the  error  in  the  deduction  is 
P^pable  enough.     It  h  not  sufficient  to  show  thut  the  blood 
^^ining  from  an  inflamed  tissue,  with  an  abnormall  j  high 
'^^pemtnrej  contains   more  oxygen  than  under  ordinary 
^^uditions,  but  it  is  indispensable  to  demonstrate  that  the 
^Ijfiolute  quantity  of  oxygen  consumed  is  diminished,     Por 
^^Eample^  if  the  venous  blood  should  contain  double  the  normal 
l^>oportion  of  oxygen,  but  the  quantity  coming  from  the  part 
^labuld  be  increased  tbreefuld,  it  is  evident  that  the  actual 
^^nsumption  of  oxygen  would  be  doubled.     As  an  illustra- 
^on,  let  us  assume  that,  in  one  minute,  100  parts  of  blood, 
^iontaining  10  parts  of  oxygen,  circulate  through  a  member, 
losing  in  its  passage  7*5  parts  of  oxygen,  thus  leaving  a  pro- 
portion of  2'5  of  oxygen  fur  tlje  vl-uous  Idoud;  if  the  part 
iDecome  inflamed,  let  us  sujipose  that  during  the  same  period, 
300  parts  of  bloody  with  30  parts  of  oxygen,  pass  tlirough,  but 
Ihat  the  venous  blood  contains  five  per  cent  of  oxygeUj  or  15 
parts.   That  would  show  an  actual  consumption  of  15  purts  of 
oxTgOB  in  Lnflammation,  against  7*5  under  nonnal  nutrition, 
£stor  and  Saint-Pierre  do  not  state  the  amount  of  increase  in 
the  quantity  of  blood  circulating  through  intlamed  tissues,  but 
they  admit  that,  "  in  inflammation,  the  vessels  are  dilated,  and 
the  current  of  blood  is  more  rapid,'^  *     An  increase  in  the 
absolute  quantity  of  blood  passing  through  parts  after  divi- 
sion of  the  sympathetic  nerves  distributed  to  the  coats  of  the 
Wood-vessels  has  been  observed   by  all  who  have  experi- 
meBted  on  the  subject ;  and  the  increase  is  probably  greater 
than  that  which  we  have  assumed  in  our  argument.     Ab 
additional  argument  in  favor  of  our  interpretation  of  the 
experiments  of  Estor  and  Saint-Pierre  is  the  fact,  noted  by 
them,  that  the  blood  from   inflamed  parts  coutains  more 
earbonic  acid  than  ordinary  venous  blood,' 

Taking  into  account  all  the  facts  bearing  upon  the  ques- 
tion, there  can  l>e  little  doubt,  that  while  tlie  processes  of 

>  Jommal  de  remntomie,  Fmnfl,  1S65,  tome  li.,  p*  314. 
•  Idem.,  Pftria,  1884,  tome  L,  p.  413. 
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notrition  and  disasfiimilation,  mvolving  changes  in  the  nitro- 
genized  constituents  of  the  blood  and  the  tk&ue^,  are  not 
didconnected  with  calorification,  the  prodnction  of  heat  br 
animals  is  most  closely  related  to  the  appropriation  of  oxygen 
and  the  formation  of  carbonic  acid. 


IrUimate  Ifature  of  the  Cahrljie  Pro<m9eBn — ^A  compre- 
hension of  the  intimate  nature  of  the  calorific  processes 
involves  ©imply  an  answer  to  the  question,  how  far  we  can 
follow  the  material  transforniationfi  in  the  arganism,  which 
involve  the  consumption  of  certain  principles,  the  production 
of  new  compound:^,  and  tlie  evolution  of  heat-  As  pegarda 
the  nature  of  the  intermediate  processes  connecting  the  dis- 
appearance of  oxygen  with  the  production  of  carbonic  acid, 
we  can  only  explain  it  by  I'eciting  the  simple  facts.    Oxygen. 

disappears,  carbonic  acid  is  formed,  and  the  carlxm  is  fiir 

nidhed,  perhaps  by  the  tissues,  perhaps  by  tli©  blood,  proliahl^:?— 
by  both.  It  is  probable  that  the  internie<liate  changes  ar^=^ 
more  s^imple  and  rapid  than  thoc^e  which  inter\"ene  between  tb^^ 
appropriation  of  nitmgenized  nutritive  matter  and  the  formi^^- 
tiou  of  the  mtn>genize<l  excretions ;  but  we  have  never  bee  ^^n 
abltj  to  follow  either  of  these  processes  througli  all  of  theS^r 
different  phases.  We  must  be  content,  in  the  present  comzix- 
dition  of  our  positive  knowledge,  to  regard  calorification  ^^k^ 
one  of  the  attendant  phenomena  of  nutrition ;  and  we  ha^^^^ 
only  to  Btudy  as  closely  as  possible  the  facta  with  r^ard  "•:;«> 
the  disappearance  of  certain  principles  and  the  formation  (^^^ 
effete  matters,  that  are  always  and  of  necessity  assodat^^'^ 
with  the  development  of  heat, 

EjuaUBoiion  of  the  Animal  Temperature. — ^A  study  - 
the  phenomena  of  calorification  in  the  human  subject  h 
shown  that  under  all  conditions  of  climate  the  general  he 
of  the  body  is  equalized.     Nearly  always,  the  surround 
temperature  is  below  the  standard  of  the  body,  and  there 
of  necessity,  an  active  production  of  caloric.     Under  all  ( 
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ditioQS,  there  is  more  or  le&s  loss  of  heat  by  evaporation  from 
the  general  surface,  and  when  the  surrounding  atmosphere  is 
very  cold,  it  becomes  de&irable  to  reduce  this  loss  to  the  mini- 
manu  This  u  dime  by  appropriate  clotlunt^,  whieli  must 
certainly  he  regarded  as  a  pbysiological  necessity.  The 
proper  kind  of  clothing,  the  conducting  power  of  different 
materials,  their  porosity,  etc*,  form  important  quei^tions  in 
practical  hygiene,  and  their  full  discussion  belongs  to  special 
treatises.  Clothing  protects  from  excessive  heat  as  well 
as  cold.  Thin,  porous  articles  moderate  the  heat  of  the 
6ttn,  equalize  evaporation,  and  afford  great  protection  in 
hot  climates.  In  excessive  cold,  clothing  is  of  the  great^t 
importance  in  preventing  the  escape  of  heat  from  the  body. 
When  the  body  is  not  exposed  to  currents  of  air,  the  gar* 
mentfi  are  chiefly  useful  as  non*conductors,  imprisoning  many 
layers  of  air,  warmed  by  contact  with  tlie  person.  It  is  far- 
ther very  important  to  protect  the  body  from  the  wind, 
which  increases  so  greatly  the  loss  of  heat  by  evaporation. 
It  is  wonderful,  however,  how  intense  a  cold  may  be  resisted 
by  healthy  men  under  proper  conditions  of  alimentation  and 
exercise  and  with  the  protection  of  appropriate  clothing,  as 
in  Arctic  explorations,  when  the  thermometer  has  for  days 
ranged  from  —60^  to  —70°  Fahr/ 

When  from  any  cause  there  is  a  tendency  to  undue  ele- 
vation of  the  heat  of  the  body,  cutaneous  transpiration  is 
increased,  and  the  temperature  is  kept  at  the  proper  standi 
ard.  We  have  already  considered  this  cpiestion  in  treating 
of  the  action  of  the  skin,  and  have  noted  facts  showing  that 
men  can  work  when  exposed  to  a  heat  much  higher  than 
that  of  the  body  itself.  The  amount  of  vapor  that  is  lost 
under  these  conditions  is  sometimes  enormous,  amounting  to 
from  two  to  four  pounds  iv  an  liour.'  We  have  often  noted  a 
lofl6  of  between  two  and  three  pounds  after  exposure  for  less 

'  HatBI,  ^fi  ArcHe  BoaUimrw^^  Boston^  I860,  pp.  2fiY,  2511^,  ind  Afnerierm 
Jimmal  of  M«  MfSod  Seimcea^  Fhiladelphlu,  1659,  New  8«ries,  rol  xvivilL, 
p.  1 14^  </  sf^.  *  See  page  HO. 
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than  an  hour  to  a  Bteani-batli  of  from  110®  to  116** ;  and  a 
much  greater  elevation  of  temperature,  in  dry  air,  can  be 
tolerated  with  impunity.  We  have  alluded  to  some  of  the  ob- 
servations on  the  temperatures  that  could  be  borne  without 
bad  results,  in  connection  with  the  question  of  variations  in 
the  heat  of  the  body.    In  the  experiments  of  Delaroche  and 
Berger,  the  temperature  was  considerably  under  200**.*  Tillet 
recorded  an  instance  of  a  young  girl  who  remained  in  an  oven 
for  ten  minutes  without  inconvenience,  at  a  temperature  of 
130°  Reaumur,  or  324-5°  Fahr.*    Dr.  Blagden,  in  his  noted 
experiments  in  a  heated  room,  made  in  connection  with 
Drs.  Banks,  Solander,  Fordyce,  and  others,  found  in  one 
series  of  observations,  that  a  temperature  of  211°  could  be 
easily  borne ;  and  at  another  time,  the  heat  was  raised  to 
260°."      Chabert,  who  exhibited  in   this  country  and  in 
Europe  under  the  name  of  the  "  fire-king,"  is  said  to  have 
entered  ovens  at  from  400°  to  600°.*    Under  these  extraor- 
dinary temperatures,  the  body  is  protected  from  the  radiated 
heat  by  clothing,  the  air  is  perfectly  dry,  and  the  animal 
heat  is  kept  down  by  excessive  exhalation  from  the  surface. 
It  is  a  curious  fact,  that  after  exposure  of  the  body  to  an 
intense  dry  heat  or  to  a  heated  vapor,  as  in  the  Turkish  and 
Eussian  baths,  when  the  general  temperature  is  somewhat 
raised   and  the  surface  is  bathed  in  perspiration,  a  cold 
plunge,  which  checks  the  action  of  the  skin  almost  imme- 
diately, is  not  injurious,  and  is  rather  agreeable.     This  pre- 
sents a  striking  contrast  to  the  eflfects  of  sudden  cold  upon 
a  system,  heated  and  exhausted  by  long-continued  exertion. 
In  the  latter  instance,  when  the  perspiration  is  suddenly 
checked,  serious  disorders  of  nutrition,  inflammations,  etc, 

»  See  page  397. 

*  Tillet,  Mhnoire  tur  les  d^rea  exfraordinaircM  de  chaleur  auxqutUa  la 
hommea  et  les  animaux  aont  capabies  de  rhUter. — Iliataire  de  Vacademk  roj/(de  da 
idencts^  ann^e,  17C4,  Taris,  1767,  p.  188. 

*  Blagden,  Bxperinienfs  and  Ohaervatiom  in  an  heated  Room. — Phiiotophical 
Transactiom^  London,  1775,  pp.  196,  484. 

*  Du.nqlison,  Human  Physiologit^  Philadelphia,  1856,  vol,  i.,  p.  598. 
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are  very  liable  to  occur.  The  explanation  of  this,  as  far  as 
we  can  present  any,  seems  to  be  the  following :  Wlien  the 
skin  acts  to  keep  down  the  temperature  of  the  body  in  sim- 
ple exposure  to  external  heat,  there  is  no  modification  in 
nutrition,  and  the  tendency  to  an  elevation  of  the  animal 
temperature  comes  from  causes  entirely  external.  It  is  a 
practical  observation  that  no  bad  effects  are  produced,  under 
these  circumstances,  by  suddenly  changing  the  external  con- 
ditions; but  when  the  animal  temperature  is  raised  by  a 
modification  of  the  internal  nutritive  processes,  as  in  pro- 
longed muscular  effort,  these  changes  cannot  be  suddenly 
arrested ;  and  a  suppression  of  the  compensative  action  of 
the  skin  is  apt  to  produce  disturbances  in  nutrition,  xery 
often  resulting  in  inflammations. 


CHAPTER  XV. 

M07E3CENT8— GENERAL   PBOPEBTIB8  OP  OONTBACTILlfi  TISST7EB. 

Amoiphoofl  contractile  substance— Ciliary  marements — ^Morements  doe  to  ehs- 
ticitj— Varieties  of  elastic  tissne— Moseolar  moremeots — ^Physiologieil 
anatomy  of  the  involuntarj  muscles — ^Mode  of  contraction  of  the  inToloD- 
tary  muscular  tissue — Physiological  anatomy  of  the  voluntary  musdes— 
Primitive  fasciculi — Sarcolemma — ^Flbrillie — ^Fibrous  and  adipose  tissue  in 
the  voluntary  muscles — Connective  tissue — Blood-vessels  and  lymphatiefl 
of  the  muscular  tissue — Connection  of  the  musdes  with  the  tendons- 
Chemical  composition  of  the  muscles — ^Physiological  properties  of  the  mui* 
cles— Elastidty — Muscular  tonidty — Sensibility  of  the  muscles— Muscular 
contractility,  or  irritability. 

The  organic,  or  vegetative  functions  of  animals  involve 
certain  movements ;  and  almost  all  animals  possess,  in  addi- 
tion, tlie  power  of  locomotion.  Very  many  of  these  move- 
ments have,  of  necessity,  been  considered  in  connection  with 
the  different  functions ;  as  the  action  of  the  heart  and  ves- 
sels in  the  circulation ;  the  uses  of  the  muscles  in  respira- 
tion ;  the  ciliary  movement  in  the  air-passages ;  the  muscular 
acts  in  deglutition ;  the  peristaltic  movements ;  and  the  me- 
chanism of  defecation  and  urination.  There  remain,  how- 
ever, certain  general  facts  with  regard  to  various  kinds  of 
movement  and  the  mode  of  action  of  the  different  varieties 
of  muscular  tissue,  that  will  demand  more  or  less  extended 
consideration.  As  regards  the  exceedingly  varied  and  com- 
plex acts  concerned  in  locomotion,  it  is  diflScult  to  fix  the 
limits  between  anatomy  and  physiology.  A  full  compre- 
hension of  such  movements  must  be  preceded  by  a  complete 


descriptive  anatomical  account  of  the  passive  and  active  or- 
gans of  locoraotion  ;  and  special  treatiseB  on  anatomy  aLiiost 
invariably  give  the  uses  and  actions,  as  well  as  the  structure 
and  relations  of  these  parts. 

A7narj)hou€  Contractile  jSuisiance, — In  some  of  the  very 
lowest  orders  of  beings,  in  which  hardly  any  thing  but  amor- 
phous matter  and  a  few  granules  can  be  recognized  by  the 
microscope,  certain  movements  of  elongation  and  retraction 
of  their  amorphous  substance  have  been  observed.  In  the 
higher  animals,  similar  movements  have  been  noticed  in  cer- 
tain of  their  structures,  such  as  the  leucocytes,  the  contents 
of  tlie  ovum,  epithelial  cells,  and  connective-tissue  cells* 
These  movements  are  generally  simple  changes  in  the  form 
of  the  cell,  nucleus,  or  whatever  it  may  be.  They  are  sup- 
posed to  depend  upon  an  organic  principle  called  sarcode,  or 
protoplasm ;  *  but  it  is  not  known  that  such  movements  are 
characteristic  of  any  one  definite  proximate  principle,  nor  is 
it  easy  to  detenuine  their  cause  and  their  physiological  im- 
portance. In  the  anatomical  elements  of  adult  animals  of 
the  higher  classes,  the  sarcodic  movements  usually  appear 
alow  and  gradual,  even  when  viewed  with  liigh  magnifying 
powers ;  but  in  some  of  the  very  lowest  orders  of  being  these 
movements  serve  as  the  means  of  progression,  and  are  more 
rapid.    Such  movements  are  sometimes  called  amoeboid. 

It  does  not  seem  possible,  in  the  present  condition  of  our 
knowledge,  to  explain  the  nature  and  cause  of  the  move- 
ts  of  homogeneous  contractile  substance ;  and  it  must 
excessively  difficult,  if  not  impossible,  to  observe  directly 
the  effects  of  different  stimuli,  in  the  manner  in  which  we 
study  the  movements  of  muscles*     As  far  as  we  can  Judge, 

'  RC'ifXE^,  Unifrwchufigm  iiifer  da$  ProtopUttma  unddU  ConiraciUWit^  Leipzig, 
1SS4.  In  Uiis  verj  clalKinite  memoir  alroott  All  T«rteiiee  of  contraciloo  ftr«  re- 
fienvd  to  thd  mciiaa  of  the  single  principle,  protojilnam.  The  chief  pliysiologioal 
fBltrwt,  howereTp  if  Attached  to  thia  expUaation  of  muscular  cotitnujtion ;  bitl 
Ibert  ^ra  few  wriien  of  ftuthority  yrho  accept  the  riew  that  it  li  entirely  due  to 
tilt  |»re#eoce  of  the  so-cidled  protoplium. 
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tbey  are  analogous  to  tlie  ciliar/  movcmenU,  the  cause 
which  is  equally  obscure. 


of 


Ciliary  Movements, — The  epithelium  covering  certi»-*^ 
of  the  mucous  membranes  is  provided  with  little  hair-ltfe® 
proce^ise^  upon  the  free  portion  of  the  cells,  called  cili^^ 
Tliese  are  in  constant  motion,  from  the  beginning  to  the  ei:*** 
of  life,  and  produce  currents  on  the  surfaces  of  the  membratm  e« 
to  which  they  are  attached,  tbe  direction  being  ii^  ^  ^T 
from  within  outward.     In  many  of  the  infiisoria,  tlit  y 

motion  serves  as  a  means  of  progression,  effects  the  intro- 
duction of  nutriment  into  the  alimentary  canal,  and,  inde&<i, 
is  almost  the  sole  agent  in  the  performance  of  the  funo- 
tions  involving  movement,  Evem  in  higher  classes,  as  tl^e 
moUusea,  the  movements  of  the  cilia  are  of  great  impor- 
tance. Ill  man,  and  the  warm-blooded  animals  generallj", 
tlie  ciliated  or  vibratile  epithelium  is  of  the  variety  call^ 
columnar,  conoidalj  or  prismoidiil.  Tbe  cilia  are  attaclied  to 
the  thick  ends  of  the  cells,  and  form  on  the  surface  of  t 
membrane  a  continuous  sheet  of  vibrating  processes. 

It  is  unnecessary  to  describe  in  detail  tlie  size  and  fonn 
the  cells  provided  with  cilia,  as  their  variations  in  differs 
situations  have  been  and  will  be  considered  in  connection  w^tli 
the  physiological  anatomy  of  different  parts*  In  geneiraJ 
Btrueture,  the  ciliary  processes  are  entirely  homogeneows,  ii.o*i 
gradually  taper  from  their  attacliment  to  the  cell  to  an  ^^" 
tremity  of  excessive  tenuity.  Although  anatomists,  firoi^ 
time  to  time,  have  described  stri^B  at  the  bases  of  the  cO^** 
and  have  attempted  to  explam  their  motion  by  a  kiud  *^ 
muscular  action,  no  well-defined  structure  has  ever  b^^° 
actually  demonstrated  in  their  substance. 

Certain  currents  were  ol>served  in  the  infusoria,  raoUn^c*^ 
and  other  of  the  lower  order  of  animals,  long  before   th 
structure  of  the  cilia  had  been  accurately  described ;  but  wi 
1835,  Purkiuje  and  Valentin,  in  a  very  elaborate  memoir 
described  these  structures  fuUy^  and  noted  tbe  situations 
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in  wliicli  they  are  ta  be  found  in  the  human  ^jiubjeot* 
Their  presence  has  been  demonstrated  on  the  following 
surfaceB:  The  respiratory  pasj?iages,  induding  tlie  na^^al  fos- 
sae, the  pituitary  membrane,  the  summit  of  the  larynx,  the 
bronchial  tnbefi,  the  superior  surface  of  the  velum  palati, 
and  the  Eustachian  tnbes;  the  sinns*ei*  about  the  head ;  the 
laclxryraal  sac  and  the  internal  surlace  of  the  eyelids ;  the  geni- 
tal passages  of  the  female,  from  the  middle  of  the  neck  of  the 
uterus  to  the  extremities*  of  the  Fallopian  tube8 ;  and  the  ven- 
tricles of  the  braui.  They  probably  exii»t  aUo  at  the  neck  of 
the  capside  of  Miiller,  in  the  cortical  substance  of  the  kid- 
ney. In  these  situations,  to  each  cell 
of  conoidal  epithelium  are  attached 
from  six  to  twelve  prolongations,* 
about  ^-^^^nr^^^^  inch  in  thickness  at 
their  base,  and  from  g  ^\  j  to  jtsW  ^^ 
an  inch  in  length.*  The  appearance 
of  the  cilia  in  detached  cells  is  repre- 
sented in  Fig.  15.  When  seen  in  sUu^ 
they  appear  regularly  disposed  on  the 
surface,  are  of  nearly  c*<|ual  length, 
and  are  all  slightly  inclined  iu  the 
direction  of  the  opening  of  the  cavity 
lined  by  the  membrane. 

The  ciliary  motion  is  one  of  the  most  beautiful  physio- 
logical demonstrations  that  can  be  made  with  the  micro- 
scope. By  scraping  the  roof  of  the  mouth  of  a  living  frog, 
the  mucous  membranes  of  the  respiratory  passages  in  a 
warm-blooded  animal  just  killed,  the  beard  of  the  oyster  or 
clam,  and  placing  the  preparation,  moistened  with  a  little 
serum,  under  a  magnifying  power  of  about  two  huuilred  and 

^^^  •  PiTRKiXJl  A5D  Valkntim,  /)iJwrwrry  of  CtwHtiunJ  Tlhmtary  Motion*^  pm* 
MPbemI  by  CUia,  at  a  ffm^eral  Fknvpm^ion  in  Jifpiil^t^  Birda^  and  Martimi/enfUa 
^  Animaii.^Sdintmrgh   N^   PhUoaophie^    Journal^    18»fi,   toJ.    s.ix.,   p*    118, 

*  BftcL4Bik^  TMii  tUmmiairt  tk  pkytioio^  humaine,  P»rlfl,  1899,  p.  i9t. 

•  FoQCHir,  Prkk  d'htthtoffie  humaine,  Pane,  1864,  p«  ISO. 


CllL«e4-d   (tplllirllarn      jLoycoKT, 
1880.  tome  It,  p.  5m) 
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fifty  diameters,  the  cun-enta  produced  in  the  Hqtiid  will  be 
strikingly  exhibited.  The  movements  may  be  studied  in  de- 
tached cells,  in  the  hmnan  subject,  by  introducing  a  feather 
into  the  nose,  when  a  few  cellfl  will  be  removed  with  the 
mucuB,  and  can  be  observed  in  the  same  way.*  Tliis  demon- 
stration serves  to  show  the  similarity  between  the  movements 
in  man  and  in  the  lower  orders  of  animals.  When  the  move- 
ments are  seen  in  a  large  nmnber  of  celU  in  mtUy  the  ap- 
pearance is  very  graplncally  illustrated  by  the  apt  comparison 
uf  Henle  to  the  imdnlations  of  a  lield  of  wheat  agitated  by 
the  wind.*  In  watching  this  movement,  it  is  usually  seen 
to  gradually  dimiuish  in  rapidity,  until  what  at  first  ap- 
peared simply  as  a  current,  produced  by  movements  too 
rapid  to  be  studied  in  detail,  becomes  revealed  as  distinct 
undulations,  in  which  the  action  of  individual  cilia  can  be 
readily  studied*  Purkiiije  and  Valentin  defieril)e  several 
kinds  of  movement,*  but  the  most  common  is  a  bending  of 
the  cilia,  simultaneously  or  in  regular  suceession,  in  one  di* 
rection,  followed  by  an  undulating  return  to  the  perpendicu- 
lar. The  otiier  movements,  such  as  the  infundibuliform,  in 
which  the  point  deficribes  a  circle  around  the  base,  the  pen- 
dulum-movement, etc.,  are  not  common,  and  are  unimpor- 
tant. 

The  combined  action  of  the  cilia  upon  the  surface  of  a 
mucous  membrane,  moving  as  they  do  in  one  direction^  is  to 
produce  currents  of  considerable  power.  Tliis  may  be  illus- 
trated under  the  microscope  by  covering  the  surface  with  a 
liquid  holding  little  solid  particles  in  suspension.  In  this  case 
the  granules  are  tossed  trom  one  portion  of  the  field  to  another 
with  considerable  force.  It  is  not  difiicnlt,  indeed,  to  meas- 
ure iu  this  way  the  rapidity  of  the  ciliary  currents.  In  the 
frog  it  has  been  estimated  at  from  jj^  ^^  tHt  ^^  ^^  ^^^^h  per 
second,  the  number  of   vibratile  movements  being   from 

"  BzcLiiiu),  Op.  Of.,  p,  497. 

*  HsNLE,  TmiU  d*anaiomie  ^inirak^  Paris,  1848^  tome  l^  p,  263. 
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renty-fire  to  one  hundred  and  fifty  per  minute*  In  the 
fre^h  water  polyp  the  movementa  are  more  rapid,  being  from 
two  hundred  and  fifty  to  three  hundred  per  minute.'  There 
is  no  reliable  estimate  of  the  rapidity  of  the  ciliary  currents 
in  man,  but  they  are  probably  more  active  than  in  animals 
low  in  the  scale,' 

The  movements  of  eilia^  like  those  observed  in  fully-de- 
veloped spermatozoids,  seem  to  be  entirely  independent  of 
nervous  influence^  and  are  affected  only  by  purely  locid  con- 
ditions* They  will  continue,  under  favorable  circumstances, 
for  more  than  twenty-four  hours  after  death,  and  can  be  seen 
in  cells  entirely  detached  from  the  body  when  they  are  moist- 
ened Tudth  proper  fluids.  B^clard  states  that  in  the  tortoise, 
the  movement  may  be  preserved  for  several  weeks  after  the 
death  of  the  animal/  Wlien  the  cells  are  moistened  with 
pure  water,  the  activity  of  the  movement  is  at  first  increased ; 
but  it  soon  disappears  as  the  cells  become  swollen.  Acids 
arrest  the  movement,  but  it  may  be  excited  by  feeble  alka- 
line solutions.  All  abnormal  conditions  have  a  tendency 
either  to  retard  or  to  abridge  the  duration  of  the  ciliary  mo- 
tion. It  is  true  that  when  the  movement  is  becoming  feeble, 
it  may  be  temporarily  restored  by  very  dilute  alkaline  r^»1u* 
tions,  but  the  ordinary  stimuli,  such  as  are  capable  of  exciting 
muscular  contraction,  are  without  effect.  Purkinje  and 
Valentin,  Sharpey,  and  others  have  attempted  to  excite 
the  movements  of  cilia  by  galvanic  stimulus,  but  without 
61I0C6BS/  Anaesthetics  and  narcotics,  which  have  such  a 
decided  effect  upon  muscular  action,  have  no  inflaence  upon 
the  cilia. 

It  is  nielaes  to  follow  the  speculations  that  have  been 

^H?'  BtouSD,  TVaUi  4!immiair§  dt  pKytioloffit,  Pjitm.  18A9,  t>.  498. 

^^'^  ^  A  popll  of  M.  BtroKtdf  tf .  C^alliburc^R^  li*s  devised  a  tcij  ingetiiouK  ix&^ 

I    t^rmaeni  for  miiinrifig  the  ropidltj  of  the  dlUry  motion  (Bum aad,  Lrforu  tur 

I     Jb  firopriHh  dm  tiam  irimnU^  PariA,  1S<&6,  p.  189,  M  mq,\ 

I  <Zoe.«^ 

I  *  6KAi»r,  Oi/d«pmdia  $/ Afiatomif  4md  Fh^Mo^^  London,  18S^*SS,  vol  l.| 
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advanced  to  account  for  the  movement  of  cilia.     Tliere  is  no  i 
innscular  Btmcturej  no  connection  with  the  nervous  system,  | 
and  there  seems  to  be  no  possibility  of  explaining  the  move- 
ment except  by  a  hare  statement  of  the  fact  that  the  cilia  i 
have  the  property  of  moving  in  a  certain  way  so  long  as  theyl 
are  under  normal  conditions.    As  regards  the  physiological 
uses  of  these  movements,  it  is  sufficient  to  refer  to  the  physi- 
ology of  the  parts  in  which  cilia  are  foundj  where  the  pecu- ' 
Karities  of  their  action  are  considered  more  in  detail.     In 
the  lungs  and  the  air-passages  generally,  and  the  genital 
passages  of  the  female,  the  currents  are  of  considerable  im- 
portance ;  but  it  is  difficult  to  imagine  the  use  of  these  move- 
ments in  certain  other  sitiiationSj  as  the  ventricles  of  the 
brain. 


Movements  due  to  Elastlmty, — ^There  are  certain  impoM 
tant  movements  in  the  body  that  are  due  simply  to  the  action  j 
of  elastic  ligaments  or  membranes.    These  are  en  tirely  distinct 
from  muscular  movementf^,  and  are  not  even  to  be  classed  J 
with  the  movements  produced  by  the  resiliency  of  muscular 
tissue,  in  which  that  curious  property,  called  muscular  toni- 
city, is  more  or  less  involve*!.     Movements  of  this  kind  are 
never  excited  by  nervous,  galvanic,  or  other  stimulus,  but 
consist  simply  in  the  return  of  movable  parts  to  a  oertaiiil 
position  after  they  have  b^en  displaced  by  muscular  action, 
and  the  reaction  of  tubes  after  forcible  distention,  as  in  the 
walls  of  the  large  arteries, 

ElaMic  Tissue, — Most  writers  of  the  present  day  adopt 
the  division  of  the  elastic  tissue^  first  made  by  Henle,*  into 
three  varieties.  This  division  relates  to  the  size  of  the 
fibres  ;  and  all  varieties  are  found  to  possess  essentially  the 
same  chemical  composition  and  general  properties,  includ- 
ing the  elasticity  for  which  they  are  so  remarkal»le.  On 
account  of  the  yellow  color  of  this  tissue,  presenting,  ns  it 
does,  a  strong  contrast  to  the  white,  glistening  appearance 

'  Eknlb,  TraiU  <Panatomie  ffhiSrulf^  Parb,  1S48,  tome  L,  p.  4^0. 
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of  the  inelastic  fibres,  it  is  fre<|uently  called  the  yellow  elas- 
tio  ttesue* 

The  first  variety  of  elastic  tissue  is  composed  of  small 

fihi-es,  generally  interniingled  with  fibres  of  the  ordinary 

molastic  ti^ue.     These  are  sometimes  called  by  the  French, 

darioic  fibres.     They  poBeesa  all  the  chemical  and  physical 

cha^racters  of  the  larger  fibre?,  but  are  excessively  minute, 

me^uring  from  ^^^hnr  ^^  ir^  ^r  inAnr  <^f  an  inch  hi  diame- 

ter.*    If  we  add  acetic  acid  to  a  preparation  of  ordinary 

^^Tinective  tissue,  the  inelastic  fibres  are  rendered  semitrans- 

P^i^nt,  but  the  elastic  fibres  are  unafiected  and  heeoine  very 

^liBtinct,    They  are  then  Been  isolated — that  is,  never  arranged 

^^  Tmndles — always  with  a  dark,  double  contour,  branching, 

*^Httle,  and  when  broken,  their  extremities  curled  and  pre- 

^^nting  a  sharp  fracture,  like  a  piece  of  India-rubber*    These 

^l»res  pursue  a  wavy  eotirse  through  the  bundles  of  inelastic 

fi^>re6  in  the  areolar  tiseue  and  in  most  of  the  ordinary  fibrous 

^emltranes,  and  here  thev  exist  as  an  accessor v  anatomical 

^*eraent.    They  are  found  in  greater  or  less  abundance  in  the 

Situations  just  mentioned  ;  also  in  the  ligaments  (but  not  the 

^ndons) ;  in  the  layers  of  involuntary  muscular  tissue  ;  the 

true  skin  ;  the  true  vocal  cords  ;  the  trachea,  bronchiid  tubes, 

^tid  lai^ely  in  the  parenchyma  of  the  hmgs;   the  external 

*ayer  of  the  large  arteries ;  and,  in  brief,  in  nearly  all  sitna- 

tioiis  in  which  the  ordinary  connective  tissue  eJtists, 

The  second  variety  of  elastic  tissue  is  composed  of  fibres, 
larger  than  the  first,  ribhonshaped,  with  well-defined  out- 
lines, anastomosing,  undulating  or  curved  in  the  form  of  the 
letter  S,  presenting  the  same  curled  ends  and  sharp  fracture 
as  the  smaller  fibres.  These  measure  from  j-f}^  to  ■jfVtnr  ^^ 
an  inch  in  diameter/  Their  type  is  found  in  the  ligamenta 
eubflava  and  the  ligamentum  nnchre.     They  are  also  found 


*  PofJCHCT,  Pricit  d'hhioloffie  hunmine^  FariB,  1864,  p.  62,  In  order  to 
•ecure  a«  macli  tmiformlty  m  possible  in  our  menaurememts  of  microBoopio 
strQCtoreft,  we  hare  genemllj  followed  ihe  French  school  of  hUtologiAtt. 
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in  Bome  of  tlie  ligaments  of  the  larynx,  the  stylo-hjoid  liga^-— 
ment,  and  the  gnspensory  ligament  of  the  penis.  The  fo] 
and  airangcinent  of  these  fibres  may  be  very  beautifall 
demonstrated  by  tearing  off  a  portion  of  the  ligamentrmn^ 
nuchie  and  lacerating  it  with  needles  in  a  drop  of  aceti 
acid*  The  action  of  the  acetic  acid  renders  the  n 
fttractnres  of  tlie  ligament  transparent,  and  the  elat-. 
become  very  distinct.  The  same  may  be  acoompUshed  b; 
boiling  the  tissue  for  a  short  time  in  caustic  soda. 

The  third  %^ariety  of  elastic  tissue  can  hardly  be  said 
consist  of  fibres,  their  branches  are  so  short  and  their  ana^^ 
tomoses  so  frequent.     This  kind  of  structure  is  found  foraca- 
ing  the  middle  coat  of  the  large  arteries,  and  has  alreadl^ 
been  described  in  oonnection   with  the  vascular  systencs^* 
The    fibres    are  very    large,    flat,    with    numerous    slit:>x^ 
branches,  "  which  unite  again  with  the  trunk  from  wUi^jsh 
they   originate   or  with   adjacent   fibres.     In  certain  sitm» 
ationSj  the  interstices  are  considerable,  in  proportion  to  tlie 
diameter  of  the  fibres,  and  the  anastomosing  branches  ^ltg 
given  off  at  acute  angles,  so  that  they  follow  pretty  clusoljT- 
the  direction  of  the  trunks,  and  the  anastomoses  do  not  difl^H 
turb  the  longitudinal  direction  and  parallelism  of  the  fibre^^ 
Indeed,  the  anastomoses  are  so  numerous,  and  the  intervals 
6o  email,  proportionally  to  the  fibres,  that  we  should  belie^^ 
we  had  under  observation  a  reticulated  membrane,  prcaeo^ 
ing   openings,   rounded   and   oval,  some  large  and  otlit*rs 
small.''  *     These  anastomosing  fibres,  forming  the  so-caU^*^ 
fenestrate*!  membranes,  are  arranged  in  layere,  and  the  stri^*^* 
tura  is  sometimes  called  the  lamellar  elastic  tissue. 

The  great  resistance  which  the  elastic  tissue  presents  '^^ 
chemical  action  serves  to  distinguish  it  from  nearly  ©t-e^^^^ 
other  structure  in  the  body.    We  have  already  seen  tha^ 

*  See  vol.  l,  Circtilallon,  p.  244. 

*  The  aboTo  descnpiion,  taken  from  Henle^s  gcmeml  Aoaloiiif,  qqut^^ 
rerj  cleftr  idea  of  the  Armngement  of  the  Itkvgfi  elastic  flbree  In  the  ^  fei 
membnnea  *'  (Hxnlx,  TSraiU  ^anatomie  ghtkride^  Fart9g  1848^  toiat  L,  |k  1^ 
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is  not  affected  by  acetic  acid  or  bj  boiling  with  caustic  soda. 
It  is  not  softened  by  beat,  by  prolonged  boiling  in  water, 
but  15  slowly  dissolved,  without  decomposilionj  by  sulphuric, 
nitric,  or  hydroebloric  acid,  the  solution  not  hQui^  precipi- 
t^ble  by  potask  Its  organic  base  is  a  nitrogenized  sub- 
etance  called  elasticiue ;  *  containing  carbon,  hydrogen,  oxy- 
gen^ and  nitrogen,  without  sulphur.  This  is  supposed  to  be 
identical  with  the  sarcolemma  of  the  muscular  ti^^sne.* 

The  purely  physical  property  of  elasticity  plays  an  im- 
portant part  in  many  of  the  animal  functions.  We  have 
already  had  an  example  of  this  in  the  action  of  the  large 
»J^eries  in  the  circulation,  and  in  the  resiliency  of  the  paren- 
diyma  of  the  lungs;  and  we  shall  have  occasion,  in  treating 
**f  the  functions  of  other  parts,  to  refer  again  to  the  uses  of 
elastic  membranes  and  ligaments.  The  liganienta  subflava 
^nd  the  ligaraentum  nuchse  are  important  in  aiding  to  main* 
^in  the  erect  position  of  tlie  body  and  head^  and  to  restore 
^Ms  position  when  flexion  has  been  produced  by  muscular 
*<itxon.  Still,  the  contraction  of  muscles  is  also  necessary  to 
*J^p  the  body  in  the  vertical  position. 


r 


Jfuecular  Movements, 


Muscular  movements  are  observed  only  in  the  higher 
^^l^aees  of  animals.  Low  in  the  scale  of  animal  life,  we  have 
^he  contractions  of  amorphous  substance  and  ciliary  mo- 
^*oii ;  and  in  ^me  vegetables,  movements,  even  attended 
^^th  locomotion,  have  been  observed.  The«e  facts  make  tlie 
^os<>lnte  distinction  between  the  two  kingdoms  a  question  of 
*^i3:ie  difficulty ;  but  in  animals  only  do  we  have  separate 
S^  Oscular  systems. 

The  muscular  movements  capable  of  being  excited  by 

^     m\uB  of  various  kinds   are  divided  into  voluntary  and 

"oluntary ;    and  generally  there  is  a  corresponding  divi- 

^  8eo  Toi  L,  Introduction,  p,  91 

•Rows  «r  Verdiil,  TraUS  de  ehimU  anatomique,  Pftiii^  1855,  tome  Jii, 
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Bion  of  the  muscles  Jis  regards  their  minute  anntomy. 
latter^  however^  id  not  abeolute ;  for  there  are  certain  icir 
nntary  functions^  like  the  action  of  the  heart  or  the  mav 
ments  of  deglutition,  that  require  the  rapid,  Tigoroas 
traction  characteriistic  of  the  voluntary  muscular  tisisue;  i 
here  we  do  not  find  the  structure  of  tlie  involuntary  mu 
cles.  With  a  few  exceptions,  however,  the  anatomies 
division  of  the  muscular  tissue  into  voluntary  and  invobz^ 
tary  is  aufficiently  distinct. 


Phy^iolopml  Anatomy  of  ths  Im^^lmiiarf . 
We  have  bo  often  described  this  tissue,  as  it  is  fouod  id  tb^l 
vascular  system,  the  digestive  oi^ans,  skin,  and  otl»er  sittHJ 
ations,  that  it  will  not  be  neoeesary^  in  tliis  connection,! 
to  give  more  than  a  sketch  of  its  structure  and  mode  of } 
action. 

The  involuntary  muscular  system  presemta  a  strikin 
contrast  to  the  rohmtary  muscles,  not  only  in  its  mitititf}  I 
anatomy  and  mode  of  action,  but  in  the  arraDgemeiit  of  its 
fibres.  While  the  voluntary  muscles  are  almost  iuvantbly 
attached  by  their  two  extremities  to  movable  parts,  tlie  i^ 
voluntary  muscles  fonn  sheets  or  membranes  in  the  walk '"^f 
hollow  oi^ans,  and  by  their  contraction  simply  modify  tlie 
capacity  of  the  cavities  which  they  enclose. 

Various  names  have  been  given  to  this  tissue  to  denoto 
its  distribution,  mode  of  action,  or  structure.  The  n«ifl6 . 
involuntary  muscle  indicates  that  its  contraction  i^  n»>t| 
under  the  control  of  the  will ;  and  this  is  the  fact,  these 
muscles  being  chiefly  animated  by  the  eympathetic  system  . 
of  nerves,  while  the  voluntary  museles  are  supplie<]  mBinlv  [ 
from  the  cerebro-spinal  system.  On  account  of  the  peculiar  j 
structure  of  tliese  fibres,  they  have  been  called  mui^uUrj 
fibre-celk,  smooth  muscular  libres,  pale  fibres,  non-^tria^^^  I 
fibres,  fusiform  fibres,  and  contractile  cells,  Tlie  diBtribii- 1 
tion  of  these  fibres  to  parts  concerned  in  the  oi^nic  <^l 
vegetative  functions,   as  the   alimentary  canal,  hasgi^'^^j 


INTOLnrrABY   MUSCLES, 


them  the  name  of  organic  mn&ciilar  fibres,  or  fibres  of 
organic,  or  Tegetative  life. 

It  is  difficult  to  ifiolate  the  individual  fibres  of  this  tissne 
in  micra&copical  preparations ;  and  when  Been  in  aitu^  their 
borders  are  faint,  and  we  can  make  out  their  aiTangemeiit 
beet  by  the  appearance  of  their  nuclei.  Robin  recommends 
soaking  the  tissue  for  a  few  dajs  in  a  mixture  of  one  pan  of 
ordinary  nitric  acid  to  ten  of  water.'  This  renders  the 
fibres  dark  and  granular,  makes  their  borders  very  distinct, 
and  frequently  some  of  them  become  entirely  isolated*  The 
nuclei^  however,  are  obscured.  In  their  natural  condition, 
the  fibres  are  excessively  pale,  very  finely  granular,  flat- 
I  tened^  and  of  an  elongated  spindle^shape,  with  a  very  long, 
narrow,  almost  linear  nucleus  in  the  centre.  The  nucleus 
generally  baa  no  nucleolus,  and  it  is  sometimes  curved, 
or  shaped  like  the  letter  S.  The  ordinary  length  of  these 
fibres  is  about  -5^,  and  tlieir  breadth  about  1-^  of  an 
inch«  In  the  gravid  utenis  they  undergo  remarkable  hyper- 
trophy, measuring  here  from  ^to^oi  an  inch  in  length, 
and  Y^tJS^^^^  ^^^'^  ^^  breadth/  The  peculiarities  of  their 
structure  in  the  uterus  will  he  fiilly  conftidered  under  the 
head  of  generation. 

In  the  contractile  sheets  formed  of  the  involuntary  mus- 
cnlar  tissue,  the  fibres  are  arranged  eide  by  side,  closely  ad- 
herent, and  their  extremities,  as  it  were,  dove-tailed  into 
each  other.  Generally  the  borders  of  the  fibres  are  regular 
and  their  extremities  suople;  but  sometimes  the  euds  are 
forked^  and  the  borders  present  one  or  more  little  projec- 
tions. It  is  very  seldom  that  we  see  the  fibres  In  a  single 
layer,  except  in  the  very  smallest  arterioles.  Usually  the 
l&yerB  are  multiple,  being  superimposed  in  regular  order* 
The  action  of  acetic  acid  is  to  rentier  tlie  fibres  pale,  so  that 
their  outlines  become  almost  indistinguishable,  and  to  bring 

^  Bo«i?r,  Reeherehm  vrtr  qndqu^  paHimhriih  de  1a  Mrudltire  da  ea^lMrm  dt 

tmeiphaU,— Journal  de  h  ph^ologk^  P^wia,  1859,  tcune  ii»  p,  541. 
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out  the  nuclei  more  strongly.  If  we  have  an  indistinct 
sheet  of  this  tissue  in  the  field  of  view,  the  addition  of  acetic 
acid,  by  bringing  out  the  long,  narrow,  and  curved  nuclei 
arranged  in  regular  order,  and  rendering  the  fibrous  and 
other  structures  more  transparent,  will  often  enable  us  to 
recognize  its  character. 

Contraction  of  the  Iwoohintary  Muscular  Tisstie. — ^The 
mode  of  contraction  of  the  involuntary  muscles  is  peculiar. 
It  does  not  take  place  immediately  upon  the  reception  of  a 
stimulus,  applied  either  directly  or  through  the  nerves,  but 
is  gradual,  enduring  for  a  time  and  then  followed  by  slow 
and  gradual  relaxation,  A  description  of  the  peristaltic 
movements  of  the  intestines  gives  a  perfect  idea  of  the  mode 
of  contraction  of  these  fibres,  with  the  gradual  propagation 
of  the  stimulus  along  the  alimentary  canal,  as  the  food  makes 
its  impression  upon  the  mucous  membrane.*  An  equally 
striking  illustration  is  afforded  by  labor-pains.  These  are 
due  to  the  muscular  contractions  of  the  uterus,  and  last 
from  a  few  seconds  to  one  or  two  DMnutes.*  Their  gradual 
access,  continuation  for  a  certain  period,  and  gradual  disap- 
pearance coincide  exactly  with  the  history  of  the  contrao- 
tions  of  the  involuntary  muscular  fibres. 

The  strong  points  of  contrast  between  the  mode  of 
action  of  the  striated  and  the  smooth  muscular  fibres  are 
very  well  brought  out  in  a  recent  paper  by  MM.  Legros  and 
Onimus.  These  observers,  after  carefully  studying  the 
structure  and  properties  of  the  "  muscles  of  vegetative  life,^ 
give,  in  substance,  the  following  resurne  of  their  physio- 
logical action : 

The  contraction  is  slow,  and  the  fibres  return  slowlv  tea 
condition  of  repose.  The  movements  are  always  involun- 
tary. Peristaltic  action  is  the  rule;  and  the  contraction 
takes  place  progressively  and  without  oscillations.    Con- 

*  See  vol.  ii.,  Digestion,  p.  876,  et  teg, 

'  Cazeaux,  a  Theoretical  and  Practical  Treathe  on  3fidwi/ery^  Philadclplua» 
185Y,  p.  123. 


tractilitj  persists  for  a  long  time  after  death.  Arrest  of 
function  is  followed  by  little  or  no  atrophy^  and  hyper- 
trophy 18  very  marked  as  the  result  of  exaggerated  action. 
Excitation  of  the  nerves  has  less  influence  upon  contraction 
of  these  fibres  than  direct  excitation  of  the  muscles.  The 
inrohmtarj^  muscular  tissue  is  regenerated  very  rapidly, 
irhile  the  structure  of  the  voluntary  muscles  is  restored  with 
great  difficulty  at>er  destruction  or  di vision,' 

Phys^iol^ical^  Anatomy  of  the  Voluntary  Muscles. — ^A 
voluntary  muscle  is  the  most  highly  organized,  and  is 
poeseesed  of  the  most  varied  endowments,  of  all  living 
atrnctnrea.  It  contains,  in  addition  to  its  own  peculiar 
contractile  substance,  fibres  of  inelastic  and  elastic  tissue, 
adipose  tissue,  nnmerous  blood-vessels,  nerves,  and  lym- 
phatics, with  certain  nuclear  and  cellular  anatomical  ele- 
ments. The  muscular  syatem  constitutes  by  far  the  greatest 
part  of  the  organism,  and  its  nutrition  consumes  a  large  pro- 
portion of  the  reparative  material  of  tbc  blood,  while  its 
disassimilation  furnishes  a  cor re'^pon ding  rpiantitv  of  excre- 
mentitious  matter.  The  condition  of  the  muscular  svstera, 
indeed,  is  an  almost  unfailing  evidence  of  the  general  state 
of  the  body,  allowing,  of  course,  for  peculiarities  in  different 
individuals.  Among  the  characteristic  properties  of  the 
muscles  are,  elasticity,  a  couf^tant  and  insensible  tendency  to 
contraction,  called  tonicity,  the  power  of  contracting  forci- 
bly on  the  reception  of  a  proper  stimulus,  called  irritability, 
m  peculiar  kind  of  sensibility,  and  tlic  faculty  of  generating 
galvanic  currents.  The  relations  of  particular  muscles,  as 
taught  by  descriptive  anatomy,  involve  special  tnnctions ; 
but  the  most  interesting  physiological  points  connected  with 
this  system  relate  to  the  general  properties  and  functions  of 
the  muscles,  and  must  necessarily  be  prefaced  with  a  sketch 
of  their  general  anatomy. 

mddi  tmuBhmie^  P&rifl,  1869,  tome  tL,  p,  486. 
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It  lias  been  demonstrated  by  minute  diseectlon  that  all 
of  the  red,  or  voluBtarj  imiscles  are  made  up  of  a  great 
number  of  miero^^copic  fibres,  kno\m  tis  tlie  primitive  mu«- 
cuLoi'  faacicuU.  These  are  called  retl,  sti'iated,  or  volnntary 
fibres,  or  the  fibres  of  animal  life.  Their  structure  is  com- 
plex, and  tbey  may  be  subdivided  longitudinally  into  fibril* 
Iffi,  and  tranBveraely  into  disks,  so  that  it  i^  somewhat 
doubtful  as  to  what  ijs,  Btrictly  speaking,  the  ultimate  ana- 
tomical element  of  the  muscular  tissue. 

A  primitive  muscidar  fasciculus  runs  the  entire  length 
of  the  muscle,  and  is  enclosed  in  ita  own  sheath^  withont 
branching  or  inosculation.  This  sheath  contains  the  true 
muscular  substance  only,  and  is  not  penetrated  by  bloo<l- 
vessels,  nerves,  or  lymphatics.  If  we  view  with  the  micro- 
scope a  thin  transverse  section  of  a  muscle,  the  divided  ends 
of  the  fibres  will  present  an  irregularly-polygonal  form  with 
rounded  corners.  They  seem  to  be  cylindrical,  however, 
when  viewed  in  their  length  and  isolated.  Their  color  by 
transmitted  light  is  a  delicate  amber,  resembling  somewhat 
the  color  of  the  Idood-corpuscles. 

The  primitive  fasciculi  vary  very  much  in  size  in  dif- 
ferent individuals,  and  in  the  same  individual  under  diflereiit 
conditions  and  in  different  muscles.     As  a  rule  they  aw 
smaller  in  young  persons  and  in  females  than  in  adult  male3> 
They  are  comparatively  small  in  persons  of  slight  muscular 
development.    In  persons  of  .great  muscular  vigor,  or  when 
the  general  muscular  system  or  particular  muscles  have  been 
increased  in  size  and  power  by  exercise,  the  fasciculi  are 
relatively  larger.     It  is  probable  tliat  the  physiological  !"• 
create  in  the  size  of  a  muscle  from  exercise  is  due  to  an 
increase  in  the  size  of  the  preexisting  fasciculi,  and  not  to 
the  fonnation  of  any  new  elements.     In  young  persons  the 
fasciculi  are  from  -pyVu  ^^  iVmr  ^^  ^^  ^^^  ^^  diameter.    ^ 
the  adolt  they  measure  from  j^  to  ^k^  t>f  ^^^  inch,* 

Tlie    appearance    of   the  primitive  muscular    fascictJi 

*  LiTTEi  EtBoBiN,  PicUonnaire  di  tnScUeimt  Paris,  1865,  Article,  MmeMn, 
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under  the  microscope  is  characteristic  and  uriinistiikalile. 
They  pre^sent  regular  transverse  stria^>  formed  of  altenmtitig 
dark  and  clear  bands  about  gg-^-^^  ^^  ^^  ^^^^  wi<le.  The^^e 
are  generally  very  dietinct  in  healtby  muscles.  In  addition 
we  frequently  observe  longitudinal  strife,  not  so  distinct, 
and  quite  diiiicult  to  follow  to  any  extent  in  the  length  of 
the  faaciculus,  but  tolerably  well  marked,  particularly  in 
muscles  that  are  haliitually  exercised.  The  muscular  sub- 
stance, presenting  this  peculiar  striated  appearance,  is  en- 
closed in  an  excessively  thin  but  ebtstic  and  resisting 
E*"^*'!ar  membrane,  called  tbe  sarcoleninia,  or  niyolemnui, 
rding  to  Robin,*  the  sarcoleninia  is  composed  of  the 
substance  as  the  ehistic  tissue*  This  envelope  cannot 
be  seen  in  ordinary  preparations  of  the  muscular  tissue;  but 
it  frequently  happens  that  the  contractile  muscular  sub- 
stance is  broken,  leaving  the  sarcolemma  intact,  wliich 
gives  a  good  view  of  the  membrane  and  conveys  an  idea  of 
ltd  strengtli  and  elasticity.  Attached  to  the  inner  surface  of 
the  sarcolemma,  are  numerous  small,  elongated  nuclei  with 
their  long  diameter  in  the  direction  of  the  ftisciculi.  These 
are  not  usually  well  seen  in  the  unaltered  muscle,  but  the 
addition  of  acetic  acid  renders  the  muscular  substance  pale 
aad  destroys  the  strise,  when  the  nuclei  become  very 
distinct. 

Water,  after  a  time,  acts  upon  the  muscular  tissue,  ren- 
dering  the  fasciculi  somewhat  paler  and  larger*  Acetic  acid 
And  alkaline  solutions  efface  the  striEe,  and  the  fibres  become 
Bemitransparent. 

In  fasciculi  that  are  slightly  decompotsed,  there  is  fre- 
quently a  separation  at  the  extremity  into  numerous  smaller 
bres,  called  fibrillie.    These,  when  isolated,  present  the  same 
itriated  appearance  as  the  primitive  fasciculus;  viz.,  alter- 
ate  dark  and  light  portions.     They  measure  about  jj^Iik^ 
an  inch  in  diameter,  and  their  number,  in  the  largest 
itive  fibres,  is  estimated  by  Kolliker  at  about  two  thou- 

*  Lae,  dU 
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Band/  The  structure  of  the  fibrillj©,  which  are  regarded  hy 
many  as  the  anatomical  elements  of  the  miificiilar  tissue^  has 
been  very  closely  etudietl  by  Rouget ;  and,  although  all  of 
Lis  observations,  particularly  those  with  regard  to  the  spiral 
form  of  the  fibrillfe,  have  not  been  confirmed,  there  can  be 
hardly  any  doubt  that  their  structure  is  uniform,  the  appear- 
ance of  alternate  dark  and  light  segments  being  due  to  dif- 
ferences in  thickness.'  In  fact,  it  is  well  known  that  water, 
by  its  simple  mechanical  action,  swells  the  fibrillffi,  and 
causes  the  stride  to  disappear. 

Late  researches  have  shown  that  the  interior  of  each  prim- 
itive fasciculus  is  penetrated  by  an  excessively  delicate  mem* 
brane,  closely  Burrounding  the  libriilse.  This  arrangement 
may  be  distinctly  seen  in  a  thin  section  of  a  fibre  treated 
with  a  solution  of  salt  in  water  in  the  projiortion  of  five 
parts  per  thousand.*  The  arrangement  of  this  membrane, 
which  is  nothing  more  nor  less  than  a  series  of  tubular 
sheaths  for  the  fibrilte,  is  a  strong  argument  in  favor  of  the 
\^ew  that  the  tibrilla  is  the  anatomical  element  of  the  mus- 
cular tissue. 

By  the  action  of  certain  reagents,  such  as  alcohol,  hydro- 
chloric acid,  or  gastric  juice,  the  primitive  fasciculi  may 
be  separated  into  disks  corresponding  to  the  transverse  strise. 
Bowman,  in  his  elaborate  investigations  into  the  titructure 
of  the  muscles,  noted  this  fact,  and  concluded  that  the  cleav- 
age in  this  direction  was  as  easily  effected  as  the  separation 
into  fibrilloe,  lie  regarded  the  primitive  fasciculi  as  com- 
posed of  fibril! je,  and  these  as  made  up  of  little  particles, 
alternately  dark  and  light,  wliich  he  called  sarcous  ele- 
ments.*    Subsequent  investigations,  however,  have  not  en- 

1  KdLLiKER,  ElhnfniM  (Thittoloffk  hwnaine^  Paris,  t898|  p.  20t^ 

*  Rfiuurr,  Sur  let  phtnomhiea  de  polariiation  qui  a'otmnmii  dtmt  fudqmm  fltf^ 
m». — Jirurtmt  de  U  phifnidogie^  Pari*,  1862,  tome  v.,  p.  263,  ei  feq,^  an*!  Mhneirt 
$vr  Um  tiMus  coniractikt  et  la  eoniractiliti, — Id.,  1863,  tome  tL,  p.  647,  cl«y« 

'  KuLLLSffi,  Elhnffitix  d%'iiloh^  kutnains^  Parift^  1668,  p.  201. 

*  BowMJLS,  On  the  MinuU  Struriure  and  MiytmnentM  <yf  Votujitary  Jfutck^ 
J^lompfkical  Transactions,  London^  1840,  p.  457,  et  *^* 
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tirely  confirmed  this  view ;  and  the  separation  into  diakg  is 

now  pretty  generally  regarded  as  artificial* 

Wlien  we  come  to 
'***•  *^  the  (|iiestion  of  the  real 

anatomical  element  of 
the  mnseulur  tissue, 
there  are  only  two 
reutioiiable  viewt*  tliat 
prei^ent  thenifielves. 
One  \s  that  all  subdi- 
vitsion  of  the  primitive 
fasciealus  is  artificial^ 
and  that  it,  with  its 
investing  uiembrane, 
the  eareolenima,  is  the 
true  element.  An  ar- 
gument in  favor  of 
this  opinion  is  tliat 
the  tissue  is  n^ost  read- 

rieoltomrir  ■j^T'^*^^  ''y  separated  into  fas- 
ciculi, each  enclosed  in 
ita  own  membrane,  and  not  penetrated  by  vessels,  nerves, 
or  lymphatics;  while  the  fibrillar  are  Rituateil  in  a  reticuhim 
of  canals,  from  which  they  cannot  readily  be  isolated.  The 
Other  opinion,  that  the  filirilhe  are  the  ultimate  elements,  is 
ha^^l  on  the  fact  that  these  little  fibres  pre?ient  the  ^trim  and 
all  the  anatomical  characteristics  of  the  primitive  fasciculi, 
and  that  by  far  the  most  natural  and  easy  mode  of  separa- 
tion of  these  fasciculi  is  in  a  longitudinal  direction.  The 
question  of  atJoi>ting  one  or  the  otlier  of  these  views  is  not 
of  very  great  physiological  importance, 

J^7brrmJ9  and  Adipose  TiMue  in  the  Voluntary  Muidsi, 
— The  atructure  of  the  muscles  strikingly  illustrated  the  re- 
lations l^etween  the  principal  and  the  accessory  anatomical 
elements  of  tissues.     The  characteristic  or  principal  element 


mtisciilAr  flhn»«,    A.  Trf»in«von»*  *trifr  und 

"hf  a  pri'nilh*'  ^iik'iMiJu«  »itui:nlOod  IJSCf  dl- 
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is,  of  course,  the  muscular  fibre  or  fibriUa ;  but  we  also  find 
iu  tlie  Bubiitaiice  of  the  mu&clea  certain  auatomical  elements, 
not  peculiar  to  the  muscles,  and  merely  accessory  in  their 
function,  but  none  the  less  necessary  to  their  proper  consti- 
tution. For  example,  every  muscle  is  composed  of  a  number 
of  primitive  fasciculi ;  but  these  are  otatbered  into  secondary  , 
bundles,  wliieh  in  tura  are  collected  into  bundles  of  greater 
and  greater  size,  untilj  finally,  the  whole  muscle  is  envt?lope4 
in  its  sheath,  and  is  penetrated  by  a  fibrous  connective  sub- 
stance. We  find,  probably,  in  the  muscles,  the  best  illustra* 
lion  of  the  structure  of  what  is  known  as  the  connective 
tissue. 

Canfiectivd  Tiaat^, — ^We  have  already  had  occasion  to 
refer  to  certain  of  the  elements  of  connective  tisaue,  more 
especially  the  inelastic  and  elastic  fibres.  In  this  connection 
we  shall  treat  specially  of  the  connective  tissue  nf  the  mus- 
cles; but  our  de^scription  will  answer  for  almost  all  situations 
in  which  fibrous  tissue  exists  merely  for  the  purpose  of  hold- 
ing parts  together*  In  the  muscles  we  have  a  menibrane 
holding  a  number  of  the  primitive  fasciculi  into  secondly 
bundles.  This  is  known  as  the  perimysium.  The  fibroua 
membranes  that  connect  together  these  secondjiry  bundles 
with  their  contents  are  enclosed  in  a  sheatli  enveloping  the 
whole  muscle,  sometimes  called  the  external  perimysium. 
The  peculiarity  of  these  membranes,  and  their  distinction 
from  the  sarcolemma,  is  that  they  have  a  fibrous  structure 
and  are  connected  together  throughout  the  muscle,  while 
the  tubes  forming  the  sarcolemma  are  structureless,  and  each 
one  is  distinct. 

The  name  now  most  generally  adopted  for  the  tissue  un- 
der consideration  is  connective  tissue.  It  has  been  called 
cellular,  areolar,  or  fibrous,  but  most  of  these  namea  were 
given  to  it  without  a  clear  idea  of  its  structure.  Its  prin- 
lapal  anatomical  element  is  a  fibre  of  e:scessive,  almost  im- 
measurable, tenuity,  wavy,  and  with  a  single  contour*    These 
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fibres  are  collected  into  bundles  of  very  variable  size,  and  are 
held  together  by  an  adhesive  amorphous  subetaiice.  The 
wavj  Unes  that  mark  the  bundles  of  fibres  give  them  a  very 
cbaracteriistic  appearance. 

The  direction  and  arrangement  of  the  fibres  in  the  vari- 
ous tissues  present  marked  differences.  In  the  loose  areolar 
tisBue  beneath  the  skin  and  l>etween  the  muscles,  an<l  in  the 
looae  Btructure  surrounding  some  of  the  glands  and  connect- 
ing the  aheaths  of  blood-vessels  and  nerves  to  the  adjacent 
parts,  the  bundles  of  fibres  form  a  large  net-work,  and  are 
very  wavy  in  their  oourae.  In  the  strong,  dense  membranes, 
as  the  aponeuroses,  the  proper  coats  of  many  glanA?,  the 
periosteum  and  perichondrium,  and  the  serous  membranes, 
the  waves  of  the  fibres  are  shorter,  and  the  fibre®  themselves 
interlace  much  more  closely.  In  the  ligaments  and  tendons, 
the  fibres  are  more  nearly  straight,  and  are  all  arranged 
loDgitUflinally, 

On  the  addition  of  acetic  acid,  the  bundles  of  inelastic 
fibres  swell  up,  become  eemitransparent,  and  the  nuclei  and 
elastic  fibres  are  brought  out.  The  proportion  of  elastic 
fibres  difters  very  much  in  diflTerent  situations,  but  they  are 
all  of  the  smallest  variety,  and  present  a  striking  contrast  to 
the  inelastic  fibres  in  their  form  and  size,  Tliough  they 
are  still  very  small,  tliey  always  present  a  double  contour. 

Certain  cellular  and  nuclear  elements  are  always  found 
in  the  connective  tissue.  The  cells  have  been  described 
under  the  name  of  connective-tissue  cells.  They  are  very 
irregular  in  size  and  form,  some  of  them.being  spindle-shaped 
or  caudate,  and  others  star-shaped.  They  jiossess  one,  and 
fiometimes  two  or  three  clear,  ovoid  nuclei,  with  distinct  nu- 
eleolL  On  the  addition  of  acetic  acid  the  cells  disapi>ear, 
but  the  nuclei  are  unaflTected.  These  are  the  fibro-phistic  ele- 
Bnt«  of  Lebert,*  and  the  embryo-plastic  elements  of  Robin.* 

>  Ln»t,  PKymoic^  paihohgiqm^  P«rit,  ISitt,  toOM  U,,  jMge  120, 

I  Ltmi  wr  Robik,  Didionnair§  de  mSdmi^,  Pa^riA,  1S60»  Artklo,  JSMr^ 
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It  IS  impossible  to  give  any  accurate  meastirementfl  of  the 
cells,  on  account  of  their  great  variations  in  size.  The 
length  of  the  nuclei  is  from  -^^^  to  ^^^  of  an  inch,  and 
their  diameter,  from  j^^  to  ^^^  of  an  inch.*  The  appear- 
ance of  tlie  connective  tissue,  with  a  few  cells  and  nuclei,  is 
represented  in  Fig.  17. 

Fxe.17. 


Loope  net-work  of  connective  tisane  from  the  haraan  nibject,  showing  the  flhres  txA 
cells,  a.  a,  a  capillary  blood-veesel.  (Rollxtt,  in  Stricksr,  JItmabucA  der  Lehrt 
von  den  Geweden,  Leipzig,  1868,  S.  67.) 

Between  the  muscles,  and  in  the  substance  of  the  mus- 
cles between  the  bundles  of  fibres,  there  always  exists  a 
greater  or  less  quantity  of  adipose  tissue  in  the  meshes  of 
the  fibrous  structure. 

Blood-vessels  and  Zymphatics. — The  muscles  are  abun- 
dantly supplied  with  blood-vessels,  generally  by  a  number 
of  small  arteries,  with  two  satellite  veins.     Tlie  capillary  ar- 

'  Robin,  loc,  cii. 
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Esment  in  this  tissue  is  peculiar.  From  tlie  smallest 
arterioles,  capillary  vessels  are  given  off,  arranged  in  a  net- 
work with  tolerably-regular,  oblong,  rectangular  meshes, 
their  long  diameter  following  the  direction  of  the  fibres. 
These  envelop  each  primitive  fasciculus,  enclosing  it  com- 
pletely, the  artery  and  vein  being  on  the  same  side.  The  ca- 
pillaries are  the  smallest  in  the  whole  vascular  system.  When 
distended  with  blood  they  are  from  :f^(fff  to  -j-^Vir  *^^  ^^  ^^^^^ 
in  diameter;  and  when  empty  their  diameter  is  from  jj}^ 
to  nVir  ^^  ^^^  iucli/ 

The  arrangement  of  the  lymphatics  in  the  muscles  has 
never  been  definitely  ascertained.  There  are  numerous  lym- 
phatics surrounding  the  large  vascular  trunks  of  the  extremi- 
rtes  and  of  the  abdominal  and  thoracic  walls,  which,  it  would 
appear,  must  come  from  the  substance  of  the  muscles ;  but 
they  have  never  been  traced  to  their  origin.  Sappey  has 
succeeded  in  injecting  lymphatics  upon  the  surface  of  some 
of  the  larger  muscles,  but  never  has  been  able  to  follow  them 
into  the  muscular  substance,* 

Cminection  of  the  Mitsdea  witJh  the  Tendons, — It  is  now 
generally  admitted  that  the  primitive  muscular  fasciculi 
terminate  in  little  conical  extremities,  which  are  received 
into  corresponding  depressions  in  the  bundles  of  fibres  com- 
posing  the  tendons ;  but  this  union  is  so  close,  that  the  muscle 
or  the  tendon  may  be  ruptured  without  a  separation  at  the 
point  of  juncture.  In  the  pennifonn  muscles  this  arrange- 
ment is  quite  uniform  and  elegant.  In  other  muscles  it  m 
essentially  the  same,  but  the  perimysium  seems  to  be  contin- 
uous with  the  loose  areolar  tissue  enveloping  the  correspond 
ing  tendinous  bundles. 

Chemioal  Comp<mtion  of  tfie  Muscles. — ^We  are  as  yet  sa 
little  acquainted  with  the  exact  constitution  of  the  nitrogen- 
ized  constituents  of  the  body,  that  we  cannot  appreciate  the 

>  EdLLiKKR,  SlhnetUt  d'hiMloloffit  hmnain*,  Paris,  I86S,  p.  220. 
*  Satfst,  ThnU  d'arudomit  <U»eripiiv*^  TariB,  ISdS^  tome  iL«  p.  27. 
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nature  of  all  the  proximate  principles  that  exist  in  the  miia- 
cular  Biibstance.  The  moet  important  of  these  is  muscoline. 
This  resembles  the  fibrin  of  the  blood,  but  presents  certain  t 
points  of  difference  in  its  behavior  to  reagents,  by  which  it 
may  be  readily  distingnished.  One  of  its  peculiar  properties 
is  that  it  is  dissolved  at  an  ordinary  temperature  by  a  mix- 
ture of  one  part  of  hydrochloric  acid  and  ten  of  water. 

The  muscular  substance  is  permeated  by  a  fluid,  called 
the  muscular  juice,  which  contains  a  peculiar  coagulable 
principle  called  myosine. 

Combined  with  the  organic  principles,  we  find  a  great 
variety  of  mineral  salts  in  the  muscular  substance,  that  can- 
not be  separated  without  incineration.  Certain  excrementi- 
tious  matters  have  also  been  found  in  the  mnscles;  and 
probaljly  nearly  all  of  those  eliminated  by  the  kidneys  exist 
here,  though  they  are  taken  up  l>y  the  blood  as  fa^t  as  they 
are  produced,  and  are  consequently  detected  with  difficulty* 
The  muscles  also  contain  inosite,  inosic  acid,  lactic  add,  and 
certain  other  acids  of  fatty  origin.  During  life  the  muscular 
fluid  is  slightly  alkaline,  bnt  it  becomes  acid  soon  after  death. 
The  muscle  itself,  during  contraction,  has  an  acid  reaction.* 
According  to  Gavarret,  the  muscular  juice  is  alkaline  or 
neutral  at\er  moderate  exercise,  as  well  as  during  complete 
repose ;  but  he  states  that  when  a  muscle  is  made  to  un- 
dergo excessive  exercise,  the  lactic  acid  exists  in  greater 
quantity,  and  the  reaction  becomes  acid.* 


Physiological  Properties  of  the  Mt^des^ 

The  general  properties  of  the  striated  muscles,  as  dlstia* 

guifihed  from  all  other  tissues  except  the  involuntary  musclee^ 
are  as  follows :  1,  elasticity;  2.  tonicity;  3.  sensibility  of  a 
peculiar  kind ;  4.  contractility,  or  irritability.  These  are  all 
necessary  to  the  physiological  action  of  the  muscle?.     Their 

*  Butiut^  Lehrbuchdtr^eeM'en  Phiniolot^ie  dot  Mwrnehen^  Leipsij^,  I $62,  &  484, 
■  GATARRrTt  Let  pkhumkm  ph^i^u«  de  la  vk,  Paris,  1S€V»,  p.  12$. 
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elasticity  is  brought  into  play  in  opposing  muscles  or  sets  of 
muscles;  one  set  acting  to  moye  a  part  and  extend  the 
antagonistic  muscles,  which,  by  virtue  of  their  elasticity, 
retract  when  the  e^rtending  force  is  removed.  Their  tonicity 
U  an  insensible,  and  more  or  less  constant  contraction,  by 
which  the  action  of  opposing  muscles  is  balanced  when  both 
are  in  the  condition  of  what  we  call  I'epose,  Their  sensibil- 
ity k  peculiar,  and  is  expressed  chiefly  in  the  sense  of  fatigue, 
and  in  the  appreciation  of  weight  and  resistance  to  contrac- 
tion. Their  contractility,  or  irritability  is  the  property  which 
enables  them  to  contract  and  exert  a  certain  amount  of 
mechanical  force  under  the  proper  stimulus.  All  of  these 
general  properties  strictly  l)elong  to  physiology,  as  do  some 
special  acts  that  are  not  necessarily  involved  in  tlie  study 
of  ordinary  descriptive  anatomy. 


Elastieity  of  Mmeles, — The  true  muscular  substance 
contained  in  the  sarcolemma  is  eminently  contractile ;  and 
though  it  may  possess  a  certain  degree  of  elasticity,  this 
property  is  most  strongly  marked  in  the  accessory  anatomi- 
cal elements.  The  interstitial  fibrous  tissue  is  loose  and  po&» 
ieseefl  a  oertain  number  of  elastic  fibres,  and,  as  we  have 
fieen^  the  sarcolemma  is  very  elastic.  It  is  probably  the  sar- 
colemma that  gives  to  the  muscles  their  retractile  power  after 
simple  extension. 

It  is  unnecessary  to  follow  out  in  detail  all  of  the  numer- 
uns  experiments  that  have  been  made  upon  the  elasticity 
of  muscles.  There  is  a  certain  limit,  of  course,  to  their 
perfect  elasticity  (understanding  by  this  tlie  degree  of  ex- 
tension that  is  followed  by  complete  retraction),  and  this 
cannot  be  exceeded  in  the  haman  subject  without  dislocation 
of  parts.  In  some  late  experiments  by  Marey,  it  was  found 
that  the  gastrocnemina  muscle  of  a  frog,  detached  from  the 
body,  could  be  extended  about  one-fiftieth  of  an  inch  by  a 
weight  of  a  little  more  than  three  hundred  grains.  This 
weight,  however,  did  not  extend  the  muscle  beyond  the 
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limit  of  perfect  elasticity.  The  mufide  of  a  frog  of  ordinary 
gize  was  extended  beyond  the  possibility  of  complete  resto- 
ration by  a  weight  of  about  seven  hundred  and  fifty  grains/ 
Marey  also  showed  that  fatigue  of  the  muscles  increased 
their  extensibility  and  diminished  their  power  of  subsequent 
retraction.  This  fact  has  its  application  to  the  physiological 
action  of  muscles ;  for  it  is  well  known  that  they  are  un- 
usually relaxed  during  fatigue  after  excessive  exertion ;  and, 
as  we  should  expect,  they  are  at  that  time  more  than  ordi- 
narily extensible. 

MuBcular  Tonicity. — The  healthy  muscles  have  an  in- 
sensible and  constant  tendency  to  contract^  which  is  more 
or  less  dependent  upon  the  action  of  the  motor  nerves.  H, 
for  example,  a  muscle  be  cut  across  in  a  surgical  operation, 
the  divided  extremities  become  permanently  retracted ;  or 
if  the  muscles  be  paralyzed  on  one  side  of  the  face,  the  mus- 
cles upon  the  opposite  side  insensibly  distort  the  features. 
It  is  difficult  to  explain  these  phenomena  by  assuming  that 
tonicity  is  due  to  reflex  action,  for  there  is  no  evidence  that 
the  contraction  takes  place  as  the  consequence  of  a  stimu- 
lus. All  that  we  can  say  is,  that  a  muscle,  not  excessively 
fatigued,  and  with  its  nervous  connections  intact,  is  con- 
stantly in  a  state  of  insensible  contraction,  more  or  less 
marked,  and  that  this  is  an  inherent  property  of  all  of  the 
contractile  tissues. 

Sensihiltty  of  the  Muscles. — The  muscles  possess  to  an 
eminent  deo^-ee  that  kind  of  sensibility  which  enables  us  to 
appreciate  the  power  of  resistance,  immobility,  and  elasticity 
of  substances  that  are  grasped,  on  which  we  tread,  or  which, 
by  their  weight,  are  opposed  to  the  exertion  of  muscular 
power.  It  is  by  the  appreciation  of  weight  and  resistance 
that  we  regulate  the  amount  of  force  required  to  accomplish 
any  muscular  act.     These  properties  refer  chiefly  to  simple 

'  Maret,  Du  mouvement  daru  lesfondwm  de  la  vte,  Paris,  1868,  pp.  289, 301. 


muscular  efforts.  After  long-continued  exertion,  we  appre- 
ciate  a  sense  of  fatigue  tliat  u  peculiar  to  the  miisiiles.  It  is 
difficult  to  separate  this  entirely  from  the  sense  of  nervous 
exhaustion,  but  it  seenas  to  be,  to  a  certain  extent,  distinct; 
for  when  suflertng  from  the  fatigue  that  follows  over*exer- 
tion,  it  seems  as  though  we  could  send  a  nervous  stimulus  to 
the  muBclee,  to  which  they  are,  for  the  time,  unable  to 
respond.  When  we  come  to  consider  fully  the  subjects  of 
muscular  and  nervous  irritability, .we  shall  see  that  these 
two  properties  are  entirely  distinct,  and  that  we  may  ex- 
haust or  destroy  the  one  without  influencing  the  other. 

When  the  muscles  are  thrown  into  spasm  or  tetanic  con- 
traction, a  peculiar  sensation  is  produced,  entirely  ditferent 
from  painfiil  impressions  made  upon  the  ordinal^  sensitive 
nerves.  In  tlie  cramps  of  cholera,  tetanus,  or  the  convul- 
stone  from  strychnine,  these  distressing  sensations  are  very 
mjirked.  The  so-called  recurrent  sensibility  of  the  anterior 
roots  of  the  spinal  nerves  is  probably  due  to  the  tetanic  con- 
tractions produced  by  galvanizing  these  filaments.  This 
question,  however,  will  be  taken  up  again  in  connection 
with  the  nervous  system* 

If  the  muscles  possess  any  general  sensibility,  it  is  very 
faint.  A  muscle  may  be  lacerated  or  irritated  in  any  way 
without  producing  actual  pain,  though  we  always  can  ap- 
preciate the  contraction  produced  by  irritants,  and  the  sense 
of  tension  when  the  muscles  are  drawn  upon. 


Mmmdar  CofdraciiUty^  or  Irritability, — Physiologists 
now  re^gard  muscular  irritability  as  synonymous  with  con- 
tractility ;  and  perhaps  the  latter  term  more  nearly  expresises 
the  fact,  thongh  the  term  irritability,  applied  to  the  nerves, 
and  even  of  late  years  to  the  glands,  is  one  very  generally  u^ed. 

By  irritability  we  understand  a  property  belonging  to 

hi  '  *         /anized  parts,  which  enaldes  them  to  perform  cer- 

tai     ^       It  tar  and  characteristic  functions  in  obedience  to  a 

proper  stimulus.    In  the  sense  in  which  the  term  is  gen- 
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erally  received,  it  is  proper  to  apply  it  to  any  tissue  or  org 
that  perlbrms  itB  vital  fiinetion,  soK^alledj  under  a  natu 
or  artificial  stimulus.     The  nerves  receive  impregs^ions  j 
carry  a  stimulus  to  the  iiuiscle^,  causing  them  to  cent 
Thi&  property,  wliich  is  always  present  during  life  UDd 
normal  conditions,  and  persii^tB  for  a  certain  period  afl 
deaths   u  called   nervous  irritability*    It  has   lately 
shown  tliat  the  application  of  a  proper  stimulus  will  iuda 
secretion  by  the  glands  j  and  Bernard  has  called  tliis  glanduli 
irritability/     The  application  of  a  stimulus  to  the  moscuta 
tidsne  causes  the  fibres  to  contract ;  and  this  is  muscular  ifri- 
tability.     As  it  always  involve*  contraction,  andisextin 
only  when  the  muscleB  can  no  longer  act,  it  is  equally  projiC 
to  call  this  property  contractility.     No  property,  such  n.^^ 
understand  by  this  definition  of  irritability,  is  mafiifegt© 
by  tissues  or  organs  that  have  purely  passive  or  meehanie 
functions,  such  as  bones,  cartilages,  and  fibrous  or  elasti 
membranes.     Irritability  can  only  be  applied  properly  to 
nerves  or  nerve-centres,  contractile  structures,  and  glands. 

During  life  and  under  normal  conditions,  the  muscles 
will  always  contract  in  obedience  to  a  proper  stimnlufi  i 
plied  either  directly  or  through  the  nerves.  In  tlie  naton 
action  of  the  organism,  this  contraction  is  always  induced  1 
nervous  influence  through  reflex  action  or  volition.  Still  J 
nmscle  may  be  living  and  yet  have  lost  its  eontra<*tilitf.j 
For  example,  after  a  muscle  has  been  for  a  long  time  p^ 
alyzed  and  disused,  the  application  of  the  most  pcifl 
galvanic  excitation  will  fail  to  induce  contractioiu  Btt 
w^hen  we  examine  such  a  muscle  with  the  microscope,  it  i 
found  that  the  nutrition  has  become  profoundly  »ffect^ 
and  that  the  contractile  substance  has  disappeared,  gi^^ 
place  to  inert  fatty  matter.  Muscular  contractility  persi^' 
for  a  certain  time  after  death  and  in  musclee  Bq>arat»*d  frort 
the  body ;  and  this  fact  has  been  taken  advantage  of  br  plij^ 
jologists  in  the  study  of  the  so-called  vital  properties  of  * 

'  Bet  piig«  24. 
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muscnlar  tissue.  We  have  already  Been  that  a  mosclo  de- 
tached from  the  liring  body  contiiuies  for  a  time  to  respire, 
and  probably  undergoes  some  of  the  change^s  of  disassimila- 
tion  observed  in  the  organism.  So  long  as  these  changes  are 
restricted  to  the  limits  of  physical  and  chemical  integrity  of 
the  fibre,  contractility  remains.  As  these  processes  are  very 
slow  in  the  cold-blooded  aniraak,  the  imtability  of  all  the 
parts  persists  for  a  considerable  time  after  death.  We  have 
repeatedly  demonstrated  muscular  contractility,  several  days 
after  <leath,  in  alligators  and  tm-tles. 

In  the  human  subject  and  the  warm-blooded  animals,  the 
muscles  cease  to  respond  to  excitation  a  few  hours  after 
death^  though  the  time  of  disappearance  of  irritability  is 
very  variable,  Nysten,  in  a  number  of  experiments  upon 
the  disappearance  of  contractility  in  the  human  subject  after 
decapitation,  found  that  different  parts  lost  their  con- 
tractility at  different  periods,  but  that  generally  this  de- 
pended upon  exposure  to  the  air.  With  the  exception  of 
the  right  auricle  of  the  heart,  the  muscles  of  the  voluntary 
system  were  the  last  to  lose  their  irritability.  In  one  in- 
stance^ certain  of  the  voluntary  muscles  that  had  not  been 
expoeed  retained  their  contractility  seven  hours  and  fifty 
minutes  after  death.*  The  observations  of  Longet  and  Mas- 
flon  show  that  a  galvanic  shock,  sufficiently  powerful  to  pro- 
ducse  death,  instantly  destroys  the  irritability  of  the  mus- 
culnr  tissue  and  of  the  motor  nerves/ 

One  of  the  most  important  questions  to  determine  with 
regard  to  muscular  irritability  is  whether  it  be  a  property 
inherent  in  the  muscular  tissue  or  derived  from  the  nervous 
tystem*  The  fact  that  muscles  can  l>e  excited  to  more  pow- 
erful and  regular  contractions  by  stimulating  the  motor 
nerves  than  by  operating  directly  upon  their  substance  and 
the  great  difficulty  in  tracing  the  nerves  to  their  termination 

'  TCrvnur,  De  hi  tanirnetiJliU  dt*  orfffinen  mvtcutairet, — Hetherchet  d* pkjf&UUoffit 
gt  de  fhimU  paikiffoffiqum,  Pirw,  1811,  p.  S06^  <*  f<«y. 

•  LasGtT,  TrmU  dt  phytiohp^,  Paris^  im%  tome  iL^  p.  601, 
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in  tlie  muscles  have  led  to  the  view  that  muBctdar  contrac- 
tility is  dependent  upon  nervous  influence,  and  con&eqnentlj 
that  the  muscles  have  tio  irritability  or  contractility,  as 
property  inherent  in  their  own  Bubstance.  This  doctrii 
liowever,  cannot  be  sustained.  Bowman,  in  the  course  of 
re&earche»  into  the  structure  and  movements  of  volantiiiy 
mnsclee,  speaks  of  seeing  the  individual  fibres  contract  after 
they  had  been  isolated  and  removed  from  all  connection  witi 
the  nervous  system ;  and  this  has  been  frequently  obeonred,' 

The  experiments  of  Lon  get,  published  in  1841,  presented 
ahnost  conclusive  proof  of  tlie  independence  of  muscular 
irritability.  He  resected  the  facial  nerve,  and  found  that 
ceased  to  respond  to  mechanical  and  galvanic  Btimuliis,  or, 
in  other  words,  lost  its  irritability,  after  the  fonrth  day.  Op- 
erating, however,  upon  the  musclee  supplied  exclosively  wil 
fihiments  from  this  nerve,  he  fonnd  that  they  re&pondi 
promptly  to  mechanical  and  galvanic  irritation,  and  con- 
tinued to  contract,  under  stimulation,  for  more  than  twelve 
weeks.*  In  »^ome  farther  experiments  it  was  shown  th 
while  the  contractility  of  the  muscles  could  be  seriouslj  ij 
fluenced  thi*ough  tlie  nervous  system,  this  was  effected  onl; 
by  modilications  in  tlieir  nutrition.  When  the  mixed  nerv< 
were  divided,  the  nutrition  of  the  muscles  was  generally  dii 
turbed ;  and  although  muscular  irritability  persisted  for  somi 
time  after  the  nervous  irritability  had  disappeared,  it  be- 
came very  much  diminished  at  the  end  of  six  weeks. 

These  experiments  are  verj-  striking  and  satisfactory;  bai 
the  whole  question  was  definitively  settled  by  the  observationt' 
of  Benmrd  on  the  peculiar  influence  of  the  woorara  poison 
and  the  sulphoc}"tinide  of  potassiimLu  Ab  the  result  of  thesd 
experiments,  it  was  ascertaine*!  that  some  varieties  of  wooram 
destroy  the  irritability  of  the  motor  nerves,  leaving  tLe  sen- 
sitive filanients  intact.    If  a  frog  be  poisotned  by  introducinf 

1  Bowii4]t,  Th0  Mimik  Bnttti*n  and  MimmmtU  9/  FaAMtefy  Mmdu^ 
Phitotophical  Traniocttoru^  Loodoti,  1840,  p.  488,  tt  fq^ 

*  LojtOKT^  TntiU  <U  phftioloffi4^  P*riA,  1869,  iODQ«  U.,  p^  006» 
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a  little  of  this  agent  under  the  skin^  irritation,  galvanic  or 
mechanical,  applied  to  an  exposed  nerve,  fails  to  produce 
ifte  slightest  muscular  contraction ;  but  if  the  stimulus  bo 
Applied  directly  to  the  muscles,  they  will  contract  vigorously. 
In  thid  way  the  nerves  are,  as  it  were,  dis&ected  out  from  the 
muscles ;  and  the  discovery  of  an  agent  that  will  paralyze 
the  nerves  J  without  affecting  the  muscles,  is  conclusive  proof 
that  the  irritability  of  these  two  systems  is  entirely  distinct. 
A  curious  eflect  of  tlie  wo^jrara,  that  we  may  note  in  passing, 
is  that  in  an  animal  under  its  influence,  the  muscular  irrita- 
bility is  intensiiiedj  and  persists  much  longer  after  death  than 
in  animals  not  poisoned.*  If  a  frog  be  poL^oned  with  sulpho* 
cyanide  of  potassium,  precisely  the  contrary  effect  will  be 
oWrved ;  that  is,  the  muscles  will  become  insensible  to  ex- 
citation,  while  the  nervous  system  is  unaffected.  This  fact 
may  be  demonBtrated  by  applying  a  tight  ligature  around 
the  body  in  the  Imnbar  region,  involring  all  the  pjirts  except 
tlie  lumbar  nerves*  If  the  poison  be  now  introduced  beneath 
the  skin  of  the  ports  above  the  ligature,  the  anterior  parts 
Only  are  affected,  because  the  va^&cular  conimnuicatioQ  with 
the  posterior  extremities  m  cut  off,  K  the  exposed  nerves  be 
How  galvanized,  the  rau.scles  of  the  legs  are  thrown  into  con- 
traction, showing  that  the  nervous  irritability  remains.  Re- 
^ex  movements  in  the  pot?terior  extremities  may  also  be  pro- 
duced by  irritation  of , the  parts  above  the  ligature,* 

These  experiments,  most  of  which  we  have  frequently  re- 
peated, taken  in  connection  with  the  observations  of  Longet, 
pOzid  the  fact  that  isolated  muscular  fibres  have  been  seen  to 
contract,  leave  no  doubt  of  the  existence  of  an  inherent  and 
independent  irritability  in  the  muscular  tissue.    Contractions 
of  muscles,  it  i^  true,  are  normally  excited  through  the  ner- 
voiiB  system,  and  artificial  stimulation  of  a  motor  or  mixed 
nerve  i&  the  most  etiicicnt  method  of  producing  the  siinul- 

*  Berkuid,  XtffOM  ffwr  ht  efeU  dfs  tuh9ianet$  iounqnct  et  mSdieamrnteMHf 
P«i«,  1857»  pp.  277,  320,  95S. 

*  BxRXAJiD,  he,  eit,  p.  354 f  ei  9eq, 
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taneou^  actiou  of  all  tlie  fibres  of  a  muscle,  or  set  of  mti 
l>ut  galvanic,  mechanical,  or  chemical  irritation  of  the  ma 
cles  tliemselves  will  produce  contraction,  after  the  nervi^ 
irritability  haa^  been  abolished. 

The  conditions  under  which  muscular  irritabiUtv  exists 
are  simply  those  of  normal  nutrition  of  the  muscular  tissu 
When  the  muficles  have  become  profoundly  aSected  in  thei 
nutrition,  as  the  result  of  section  of  the  mixed  nervei?,  or  «fti( 
prolonged  paralysis,  the  irritability  disappears  and  cann 
be  re>toi*e(J,  The  determination  of  the  presence  or  abeii© 
of  muscular  eontractility,  in  cases  of  paralysis,  is  one  of  t 
metliods  of  ai^eertaiiiing  whether  treatment  directed  to  tb 
rest(  oration  of  the  nervous  power  wilt  be  likely  to  l»c  IblJowe 
by  favorable  results.  If  the  muscular  irritability  hare  < 
tirely  disapj^ared,  it  is  almost  useless  to  attempt  to  restoit 
the  fyiictions  of  the  part. 

A  great  many  experiments  have  been  made  upon  the  in- j 
fluence  of  the  circulation  on  muscular  irritability,  cliieflyj 
with  reference  to  the  effects  of  tying  large  vessels,    Among| 
the  most  recent  are  those  of  Longet.    He  tied  the  abdumiyJ] 
aorta  in  five  dogs,  and  found  that  voluntary  motion  feii^edJ 
in  about  a  quarter  of  an  hour,  and  that  the  muscular  init*- j 
biHty  was  extinct  in  two  hours  and  a  quarter.    When  tiit  1 
blood  was  restored,  after  three  or  four  hours,  by  removing  tlirf 
ligatm^e,  the  irritability  and  finally  voluntary  movement  i 
turned/    These  experiments  show  that  the  circulation  of  tb 
blood  is  necessary  to  the  contractility  of  the  muscles.   Tri^^ 
the  vena  cava  did  not  affect  the  irritability  of  the  muatjte 
In  dogs  in  which  this  experiment  was  performed,  tlie  loi^r^ 
extremities  preserved  their  contractility,  and  the  volawtur] 
movements  were  unaffected  up  to  the  time  of  deaths  wUd 
took  place  in  twenty -six  hours/ 

The  relations  of  muscular  irritabiiity  to  the  circiiUtio* 
have  been  farther  illustrated,  in  some  very  curious  and  to 

*  Longet,  TVaiJS  de  phtfmokgk^  Piria,  1S«9,  lome  IL,  p.  flltt. 

*  I^NOET,  op,  cit.^  p.  618. 
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tereating  experiments,  by  Dr.  Brown-S6qiiard.     The  first 
observations  were  made  upon  two  men  executed  by  decapi- 
tation.    Thirteen  hours  and  ten  minutes  after  death,  when 
the  muscular  irritability  had  entirely  disappeared  and  wiis 
succeeded  by  cadayeric  rigidity,  a  quantity  of  fresh,  defi- 
brinatetl,  venous  blood,  from  the  human  subject,  wjis  in- 
jected into  the  arteries  of  one  hand,  and  returned  by  the 
veins.     It  was  afterward  reinjected  several  tiinea  during  a 
period  of  thirty-five  minutes.     The  whole  time  occupied  in 
the  diflferent  injections  wtis  from  ten  to  fifteen  minute:*.    Ten 
tEUQutes  after  the  last  injection,  and  about  fourteen  hours 
after  death,  the  irritability  was  found  to  have  returned,  in  a 
marked  degree,  in  twelve  muscles  of  the  hand.     There  were 
only  two  muscles  out  of  the  nineteen  in  which  the  irritability 
could  not  be  demonstrate*!.    Three  hours  after,  the  irritability 
still  existed,  but  it  disappeared  a  quarter  of  an  hour  later. 
The  second  observation  was  essentially  the  same,  except  that 
defibrinated  blood  from  the  dog  was  used,  and  the  experiments 
were  made  upon  the  muscles  of  the  arm.     The  irritability 
TBras  restored  in  ail  of  the  muscles,  and  was  present,  the 
I  cadaveric  rigidity  having  disappeared,  twenty  hours  after 
decapitation/ 

These  experiments  are  exceedingly  interesting,  as  showing 
the  dependence  of  irritability  upon  certain  of  the  proce&ses 
of  nutrition,  which  are  probably  restored,  though  temporarily 
and  imperfectly,  by  the  injectibn  of  fresh  blood*  They  are 
also  important  in  connection  with  the  cadaveric  rigidity  of 
I  tnn&clea,  a  condition  which  follows  the  loss  of  their  so-culled 
vital  properties.  The  subject  of  cadaveric  rigidity  will  be 
ftOly  discussed  as  one  of  the  phenomena  of  death* 

«  Bbowx-Seqcajid,  Propriith  ph^ologigne*  e(  te»  umt^M  rfu  mnff  ronfff  tt  Ai 
tm^  moir. — Journal  de  la  phifrioloffie^  Fftris,  1858,  tome  U,  p.  108,  d  teq. 
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Changes  in  the  form  of  the  moeculftr   fibres    dming    conttuodon — ^ 
ZM-vn^^  or  epaam — Spasm  produced  b?  artiBdal  exdtotiou^-Mech 
of  prolonged  muAcuIar  contraction — Tetanus — Electric  phenomesui  in  the 

muaclea — Huacular  eflbrt — Paasive  orgiLoa  of  locomotion — ^Phjriolo^^^;ictl 
anatomy  of  the  boDe»— Fundamental  Bubstance — HaTcraian  rods— Ear  ^_fer 
aian  o^nali — LacunnD — CanalicuU — Bone-ccUs,  or  corpti^clef — Harroir  of 

tbe  bcmee — MedullocellB — MyelopUxca — Perioateum — Phrsiological  *  ntf 

omy  of  cartilage — Gartilage-caTities — Cartilage-cellB — ^Fibro-cartilaga 

The  stimulus  of  the  will,  conveyed  throngh  the  cond^^:^3c^ 
ors  of  motor  influences  from  the  brain  to  a  muscle  or  eeK.^  of 
muscleSj  produces  an  impression  upon  t]ie  muscular  fibr^  ^atnd 
causes  them  to  contract.  In  parts  where  the  muscles  ]^  are 
been  exercised  and  educated,  this  action  is  regulated  with_  ex- 
quisite nicety,  so  that  the  most  delicate,  rapid,  as  wel J  as 

powerful  contractions  may  be  produced*    Certain  movem^=nts, 
not  under  the  control  of  the  will,  are  produced  as  the  r^ufc^tof 
uneoascious  reflection  froui  a  nervous  centre,  along  tlie  m  -^Dior 
conductors,  of  an  impression  made  upon  sensitire  nei^^res. 
Daring  this  action,  certain  important  phenomena  ar©       oh- 
served  in  tlie  muscles  theuh^elves.      They  change  in  UL^rm^ 
consistencej  and,  to  a  certain  extent,  in  their  const itttt ion; 
the  diiiereut  periods  of  their  stimuhition,  contraction,  au<J  ^ 
laxation  are  positive  and  well-marked ;  their  nutritiou  is  for 
the  time  modified ;  they  develop  galvanic  currents ;  an<?,  in 
ehort,  present  a  number  of  general  phenomena,  distinct  from 
the  results  of  tlieir  action,  that  are  more  or  less  interesting 
and  important  to  the  physiologist* 
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The  most  striking  of  the  phenomena  accompanying  mus* 
cnlar  action  is  shortening  and  hardening  of  the  fibres.  It  is 
only  necessary  to  observe  the  action  of  any  well-developed 
mnscle  to  appreciate  these  changes.  The  active  shortening 
is  shown  by  the  approximation  of  the  points  of  attachment, 
and  the  hardening  is  sufficiently  palpable.  The  latter  phe- 
nomenon u  marked  in  proportion  to  tlie  development  of  the 
trae  miificular  tiftsne  and  its  freedom  from  inert  matter^  snch 
B&  fat.  We  have  already  seen  that  it  is  the  mxiscnlar  sub- 
stance alone  that  has  the  property  of  contraction ;  and  we 
have  shown  that  this  action  increases  the  consumption  of 
oxygen  and  probably  of  other  matters,  the  prodaction  of 
carbonic  acid  and  some  other  excrenien  tit  ions  principles,  and 
develops  heat. 

Ivot withstanding  the  marked  and  constant  changes  in  the 
fbriii  and  consistence  of  the  muscles  during  conh-action,  the 
Qetnal  volume  is  unchanged,  or  it  undergoes  modifications  so 
Bliglit  tliat  they  may  practically  be  disregarded.      Experi- 
ments on  this  point  have  been  so  uniform  in  their  results, 
"fckat  it  is  hardly  necessary  to  refer  to  them  in  detail.     All 
xnodem  observers  accept  the  results  of  the  older  experiments 
in  which  muscles  have  b^en  made  to  contract  in  a  vessel  of 
"water  connected  Avith  a  small  upright  tube,  showing  that 
"when  the  muscles  are  in  active  contraction  as  the  result  of 
9L  galvanic  stimulus,  the  elevution  of  the  liquid  in  the  tube 
is  unchanged.     These  old  experiments  have  been  recently 
xepeated  by  Marey '  and  others,  with  more  delicate  and  sen- 
sitive apparatus,  and  have  been  followed  by  the  same  results. 
3t  is  evident,  therefore,  that  a  muscle,  while  it  hardens  and 
changes  in  form  during  contraction,  does  not  sensibly  change 
in  its  actual  volume. 

*  Maret,  Iht  moutmn^rU  dam  hafonidiont  f£ff  la  me,  Faii^^  1SA8,  p.  209*  The 
earlier  ezperijuents  of  this  kind  were  made  by  GHssoq,  Blaine^  Carli^ilei  Barrel* 
lotti^  Pr^Tost  and  Dumas,  and  some  others.  Provost  and  Dumas  used  several 
large  pieces  of  muj^cle,  and  their  results  were  very  satiafaotory.  {Mimoire  9ur 
U*  j)fihu)fi^na  qui  accampoffneni  la  mntnidion  de  la  fibre  tnuMCuUirt. — Joymol 
4tphtf9i<ih^^  Paris,  1823,  tome  ia,  p.  810.) 
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lar  action,  presents  certain  interesting  pecnliarities.  We 
shall  give,  however,  only  the  general  characters  of  this  ac- 
tion, without  discussing  in  detail  the  complicated  apparatus 
employed/ 

According  to  Helmholtz,  the  whole  period  of  a  single 
contraction  and  relaxation  of  the  gastrocnemius  muscle  of  a 
frog  is  a  little  less  than  one-third  of  a  second.  The  muscles 
of  mammals  and  birds  contract  more  rapidly,  but  with  this 
exception,  the  essential  characters  of  the  contraction  are  the 
same.  The  following  are  the  periods  occupied  by  these  dif- 
ferent phenomena:' 

Intenral  between  stimulation  and  contraction 0''020 

Contraction 0'-180 

Relaxation 0'105 

0'-305 

The  duration  of  the  electric  current  applied  to  the  nerve 
is  only  0^"0008.  Contraction,  however,  does  not  follow  im- 
mediately, there  being  an  interval,  called  jxw^,  of  about  one 
fiftieth  of  a  second.  The  contraction  then  follows,  suc- 
ceeded by  gradual  relaxation,  the  former  being  a  little 
longer  than  the  latter. 

This  description  represents  the  contraction  of  an  entire 
muscle,  but  does  not  indicate  the  changes  in  form  of  the  in- 
dividual fibres,  a  point  much  more  diflScult  to  determine 
satisfactorily.  It  is  pretty  well  established,  however,  that  a 
single  fibre,  with  its  irritability  unimpaired,  becomes  con- 
tracted and  swollen  at  the  point  where  the  stimulation  is 
applied.  Now,  the  question  is  whether,  in  normal  contrac- 
tion of  the  fibres  in  obedience  to  the  natural  nervous 
stimulus,  there  be  a  uniform  shortening  of  the  whole  fibre, 
a  shortening  of  those  portions  only  that  are  the  seat  of  the 

*  A  very  good  risiimS  of  the  general  characters  of  a  single  muscular  con- 
traction (sfcotuae  mtueulaire)  is  given  by  Bernard,  in  his  recent  work  on  the 
properties  of  living  tissues.  (Leforu  tur  let  propriitet  dea  ti89us  vivants^  Paris, 
1866,  p.  in.etseq.) 

*  Bernakd,  cp,  cit.f  p.  196. 
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termioations  of  the  motor  nerves,  or  a  peristaltic  shortening 
and  swelling,  rapidly  nininiig  the  length  of  the  fibre. 

The  recent  experiments  of  Aebj,  which  have  been  repeated 
and  extended  hj  ilarey,  demonstrate  beyond  a  doubt  that 
when  one  extremity  of  a  muscle  i;^  excited,  a  contraction  ix^cm:^ 
at  that  jKiint,  and  is  propagated  along  the  muscle  in  the  form  of 
a  wave^  exactly  like  the  periBtaltic  action  of  the  intestines,  ex- 
cept that  it  is  more  rapid.  Both  Aeby  and  Marey  have  suc- 
ceeded in  measuring  the  rapidity  of  this  wave,  and  find  it  to 
be  about  forty  inches  per  second,*  Applying  this  principle 
to  the  physiological  action  of  muscles/ Aeby  advance^  the 
theory  that  shortening  of  the  fibres  takes  place  wherever 
a  stimulus  is  received,  and  that  this  is  pmpagated  in  the 
I      form  of  a  wave,  which  meets  in  its  course  another  wave 

DligTmm  of  tlte  um-cular  wave,  oflcr  Aebj.     ^ahbt.  Du  mtMwment  dang  Ut  ftmetiont 

that  the  motor  nerves  terminate  at  different  pfiints  by  be- 
coming fused,  as  it  were,  with  the  sarcolemma,  we  cau  readily 
I  comprehend,  under  this  theory,  how  the  simultaneous  eon- 
traction  of  all  the  filires  of  a  muscle  is  produced  by  stimula- 
tion of  its  motor  nerve.  This  idea  is  expressed  in  the  a45- 
companying  diagram. 

I  *  Mabxt,  Du  mCfUifemmt  dans  Im/ondiona  di  la  vU,  PtriSf  1868,  p,  iSCiL 

i 
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Although  this  view  of  the  physiological  action  of  the 
muscular  fibres  is  extremely  probable,  it  camiot  be  assumed 
that  it  has  been  absolutely  demonstrated ;  but  it  is  certainly 
more  satisfactory  and  better  sustained  by  experimental  facts 
than  any  theory  that  has  hitherto  been  advanced. 

MecJhanism  of  prolonged  Muscukt/r  Contraction. — ^By  a 
voluntary  effort  we  are  able  to  prqduce  a  muscular  contrac- 
tion of  a  certain  duration,  and  of  a  power,  within  certain 
limits,  proportionate  to  the  amount  of  force  we  may  desire 
to  produce ;  but  aftJr  a  certain  time,  the  muscle  becomes  fa- 
tigued, and  it  may  become  exhausted  to  the  extent  that  it 
vsdll  not  respond  to  the  normal  stimulus.  This  is  the  kind 
of  muscular  action  most  interesting  to  us  as  physiologists. 

The  experiments  of  Marey  seem  to  show  precisely  how 
far  the  nervous  action  that  gives  rise  to  a  powerful  and  con- 
tinuous muscular  contraction  can  be  imitated  by  electricity. 
Calling  the  movement  produced  by  a  single  electric  dis- 
charge, secotisse^  which  we  have  translated  by  the  word 
spasm,  he  calls  the  persistent  contraction,  tetanus.  We  shall 
adopt  this  name  to  distinguish  persistent  muscular  action 
from  the  single  contraction  that  we  have  just  described. 

It  is  a  curious  fact  that  a  continued  current  of  galvanic 
electricity  passed  through  a  nerve  or  a  muscle  does  not  induce 
muscular  contraction;  and  it  is  only  when  the  current  is 
closed  or  broken  that  any  action  is  observed.  But  if  we 
employ  statical  electricity,  a  muscular  spasm  occurs  at  every 
discharge,  proportionate,  in  some  degree,  to  the  power  of  the 
excitation.  If  the  discharges  be  very  frequently  repeated,  or 
if  a  galvanic  current  be  applied,  broken  by  an  interrupting 
apparatus,  the  spasms  follow  each  other  in  quick  succession. 
In  experimenting  upon  the  muscles  of  the  frog,  with  a  regis- 
tering apparatus,  Marey  has  found  that  with  a  gradual 
increase  in  the  rapidity  of  the  electric  shock?,  the  individual 
muscular  spasms  become  less  and  less  distinct,  and  that 
finally  the  contraction  is  permanent.     His  diagrams  show 
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jirell-marked  spasms  Tender  ten  excitations  per  secondj  a 
'more  complete  fusion  of  the  different  acts  with  twenty  per 
Becond,  and  a  complete  ftiBion,  or  tetanus,  with  twenty-aeven 
per  second.  When  the  contraction  had  hecome  continuous 
that  was  an  elevation  in  the  line,  sho\vnng  increased  power, 
as  the  excitations  became  more  and  more  frequent/ 

This  is  precisely  the  kind  of  contraction  that  occurs  in 
the  physiological  action  of  muscle*.  Althongh  the  ner- 
vous force  is  not  by  any  means  identical  with  electricity, 
either  the  interrupted  galvanic  current  or  a  series  of  statical 
discharges  is  capable  of  producing  a  muscular  action  very 
like  that  which  is  involved  in  voluntary  movements.  The 
observations  of  Marey,  showing  that  the  intensity  of  what 
he  terms  artificial  tetanic  contraction  is  in  proportion  to 
the  rapidity  wHth  which  the  electric  discharges  succeed  each 
other,  are  exceedingly  interesting  in  their  practical  applica- 
tions ;  and  an  important  question  at  once  arises  regarding 
the  nervous  force  that  excites  voluntary  motion.  Is  this  a 
series  of  discharges,  as  it  were,  producing  a  j)ower  of  mus- 
cular contraction  in  exact  proportion  to  their  rapidity  ?  In 
view  of  the  experiments  just  cited,  this  theory  is  verj*  prob- 
able ;  and  it  is  certain  that  a  rapid  succession  of  electric  dis- 
chargeis  almost  exactly  simulates  the  normal  action.  That 
vibrations,  more  or  less  regular,  actually  occur  in  muscular 
contraction  has  been  settled  beyond  a  doubt  by  the  re- 
searches of  Wollaston,  Ilanghton,  and  more  lately  by  Heltii- 
holtz,  the  latter  having  recognized  a  musical  tone  in  con- 
tracting muscles,  exactly  corresponding  \vith  the  numl3er  of 
impressions  per  second  made  upon  the  nerve.  He  farther 
devised  an  ingenious  metliod  of  recognizing  the  tone,  by  fili- 
ing  the  ears  with  wax  and  contracting  the  temporal  and 
maaseter  muscles.  Marey  has  found,  in  repeating  this 
experiment,  that  the  tone  may  be  changed  by  modifying  the 
intensity  of  the  muscular  action.  With  the  jaws  feebly  con- 
tracted, a  grave  sound  is  produced,  and  this  can  be  raised 

*  Marct^  o/>.  cit,,  p.  373,  «t  Kq 
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one-tifth,  hy  contracting  the  muscles  as  forcibly  as  poa^j 
Bible/ 

The  nerve?  are  not  capable  of  eond acting  an  artificial! 
Btimulus  for  an  indeiimte  period,  nor  are  tlie  muficlea  abkl 
to  contract  for  more  than  a  limited  time  upon  the  reception 
of  such  an  impresftion.     The  electric  current  may  be  made 
to  destroy  for  a  time  both  the  nervous  and  muBcoIar  irrita-j 
l>Ility;  these  properties  becoming  gradually  extingoishe 
the  partft  becoming  fatigued  before  they  are   completelj 
exhausted.     Precisely  the  same  phenomena  are  observed 
the  physiological  action   of  muscles,    Wlien   a  muscle 
fatigued  artificially,  a  tetanic  condition  is  excited  more  an^ 
more  easily,  but  the  intensity  of  the  contraction  proportionallj 
diminishes.'    Muscles  contracting  in  obedience  to  an  eflbrt  < 
the  will  pass  through  the  same  stages  of  action.     It  ia  prob- 
able that  constant  contraction  is  excited  more  and  more  easily 
as  the  muscles  become  fatigued,  because  the  nervous  force 
gradually  diminishes  in  intensity.    It  is  certain  that  the  vigor 
of  contraction  at  the  same  time  progressively  diniiDifihes. 

Electric  Phenomena  in  ths  Musdes.~It  was  ascertained 
a  number  uf  years  ago,  by  Matteuccij  that  all  living  muscles 
are  tlie  8eat  of  electric  currents ;  not  very  powerful,  it  is  true 
but  still  sufficiently  marked  to  be  detected  by  ordinary 
vanoraeters.     It   is  difficult,  in   the  present  state   of  on 
knowledge,  to  appreciate  tlie  pliysiological  signiiicance 
this  fact,  and  we  shall  therefore  merely  allude  to  the  chie 
electric  phenomena  that  are  ordinarily  observed,  witliont  all 
tempting  to  follow  out  the  elaborate  and  carious  exper 
ments  since  made  by  Du  Bois-Ileymond  and  others. 
of  the  most  g^imple  methods  of  demonstrating  this  current  ij 
to  prepare  the  leg  of  a  frog  with  the  crural  ner?e  attached 
and  apply  one  portion  of  the  nerve  to  the  deep  parta  of 
incised  muscle  and  the  other  to  the  surface.    As  soon  as  i 
connection  is  made,  a  contraction  of  the  1^  takes  pla 


>  Maiizt,  op,  eitf  p.  4S(. 


*  Idem.»  p,  S78,  tt  mg. 
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The  same  fact  may  be  deraoiistrated  with  an  ordinary  gal- 
vanometer; but  the  evidence  obtained  by  the  frog's  le<x, 
when  the  experiment  is  properly  performed,  iB  Bufficiently 
conclusive, 

Hatteiieei  conBtructed  out  of  the  fresh  muscles  from  the 
thigh  of  the  frog,  what  is  sometimes  called  a  frog-battery ; 
which  exhibits  these  currents  in  the  most  striking  manner, 
their  intensity  being  in  direct  ratio  to  the  number  of  elements 
in  the  pile.  To  do  this,  he  takes  the  muscles  of  the  lower 
half  of  the  thigh  from  several  frogs,  removing  the  bones,  and 
arranges  them  in  a  series,  each  with  its  conical  extremity 

■  iDflerted  into  the  central  cavity  of  the  one  below*    In  this 
Way  the  external  surface  of  each  thigh  except  the  laat  is  in 

»  Contact  with  the  internal  surface  of  the  one  below.     If  the 
two  extremities  of  the  pile  be  now  connected  with  a  gal- 
vanometer, quite  a  i>owerfnl  current  from  the  internal  to 
Uie  external  surface  of  the  muscle  may  be  demonstrated.    In 
^  pile  foniied  of  ten  elements,  the  needle  of  a  galvanometer 
%^BB  deviated  to  from  30°  to  40°/ 

■  Electric  currents  are  observed  in  all  living  muscles,  but 
Mo^  most  marked  in  the  mammalia  and  warm-blooded  ani- 

^^al8.  They  exist,  also,  for  a  certain  time  after  death. 
-Artificial  tetanus  of  the  muscles,  however,  instead  of  intensi* 
^^ng  the  current,  causes  the  galvanometer  to  recede.  If, 
lor  example,  the  needle  of  the  instrument  show  a  deviation 
of  30°  duruig  repose,  w*hen  the  muscle  is  excited  to  tetanic 
C5on  traction,  it  will  return  so  as  to  mark  only  10°  or  15°. 
*IIlufi  phenomenon  is  observed  only  during  a  continued  mus- 
csular  contraction,  and  does  not  attend  a  single  spasm. 

Mti^cuMr  Efort — The  mere  voluntary  movement  of 
^arts  of  the  body,  when  there  is  no  obstacle  to  be  overcome 

<  lUmccCT,  Lf^m  tvr  If*  jtJUnomhiet  phymguta  dn  torps  vn^nli,  Pariiy 
^847,  p*  175,  ft  $^q.    For  k  ftiUcr  eiposition  of  tlic«6  bterefiiing  jihenomena^ 
^h«  reader  i»  referred  to  the  elaborate  treatise  on  physiology^  by  Prof.  Lougct 
^7V««1 4tpk^i&f^€^  Pari»»  1869,  tome  ii,  pp.  620,  63»). 
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or  no  great  amount  of  force  is  required^  is  very  different  fi 
a  muscular  effort.    For  example,  in  onlinaiy  progression  there. 
is  simply  a  movement  produced  by  tLe  action  of  tLe  pro|^| 
muscles,  almost  without  onr  consciousness,  and  this  is  uni^^ 
tended  with  any  modification  in  the  circulation  or  respira- 
tion ;  but  if  we  attempt  to  lift  a  heavy  weight,  to  jump,  to 
strike  a  powerful  blow,  or  to  make  any  Tigorous  effort,  the 
action  is  very  different.     In  the  latter  instance,  we  prepare 
for  the  muscular  action  by  inflating  the  lungs,  cltisiiig 
glottis,  and  contracting  more  or  lees  forcibly  the  expiratoi 
muscles,  bo  as  to  render  the  thorax  rigid  and  unyieldingll 
and  by  a  concentrated  effort  of  the  will,  the  proper  muecli 
are  then  l»rought  into  action. 

This  remarkable  action  of  the  muscles  of  the  thorax 
and  abdomen,  due  to  simple  effort,  and  independent  of 
the  partieulftp  muscular  act  that   is  to   be   accoinpIislie^L 
compresses  the  contents  of  the  rectum  and  bladder,  andj 
obstructs  very  materially  the   venous  circulation  in 
large  vessels.     It  is  well  known  that  hernia  is  frequent 
produced  in  this  way;  the  veins  of  the  face  and  neck  b 
come  turgid;  the  conjunctiva  may  become  ecchymL>^d;A»" 
sometimes  aneurisraal  sacs  are  ruptured.     An  effort  of  t 
kind  is  generally  of  short  duration,  and  cannot,  indeed, 
prolonged  beyond  the  time  during  which  respiration  asm 
conveniently  arrested.     At  itjs  conclusion  there  h  commoni; 
a  prolonge<l  expiration,  which  is  audible  and  somewliatn< 
lent  at  its  commencement. 

There  are  degrees  of  effort  which  are  not  attende<l  ^^^' 
tins  powerful  action  of  the  muscles  of  the  chest  and  aW* 
men,  and  in  which  the  glottis  is  not  completely  chased;  an( 
an  opening  into  the  trachea  or  larynx,  rendering  immobili' 
of  the  thorax  impossible,  does  not  interfere  with  certain  »< 
that  require  considerable  muscular  power.  If  we  exaunnt* 
dog  with  the  glottis  exposed,  when  he  makes  violent  effoi 
to  escape,  we  can  see  that  the  opening  is  firmly  closed.  Thl 
fact  is  indicated  by  Longet,  and  we  have  often  uhsierveil  it 
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In  vivisections;  but  LoBget  has  farther  shown  that  dogs 
with  an  opening  into  the  trachea  are  frequently  able  to  run 
and  leap  with  "  astonishing  agiUty.' '  He  also  saw  a  horse, 
with  a  large  canula  in  the  tracheaj  tliat  performed  severe 
labor  and  drew  heavily-k»aded  wagons  in  the  streets  of 
Paris.* 

Pmsive  Orgafhs  of  LocomMion. 

It  would  be  out  of  place  to  describe  fully  and  in  detail 
all  of  the  varied  and  complex  movements  produced  by  mus- 
cular action.  Many  of  these,  such  as  the  movement^?*  of  deg- 
lutition and  of  retipiration,  are  necef^sarily  considered  in  con- 
nection with  the  functions  of  which  they  form  a  part  j  but 
others  are  purely  anatomical  f|uestious.  Associated  and  an- 
tagonistic movements,  automatic  and  reflex  movements,  etc, 
halong  to  the  history  of  the  motor  nerves,  and  will  be  fully 
considered  under  the  head  of  the  nervous  system. 

The  study  of  locomotion  involves  a  knowledge  of  the 
physiological  anatomy  of  certain  passive  organs,  the  bones, 
cartilages,  and  ligaments.  Tliough  a  complete  history  of  the 
structure  of  these  parts  trenches  somewhat  upon  the  domain 
of  anatomy,  we  are  tempted  to  give  a  brief  description  of 
their  histology,  as  it  will  complete  our  account  of  the  tissues 
of  the  body,  with  the  exception  of  the  nervous  system  and 
the  organs  of  generation,  which  will  be  taken  up  hei'cafter* 

Locomotion  is  effected  hy  the  muscles  acting  upon  cer- 
tain passive,  movable  parts.  These  are  the  bones,  cartilages, 
ligaments,  aponeuroses,  and  tendons.  We  have  already  de- 
ribed  the  fibrous  stnictiires,  and  it  only  remains  for  us  to 
idy  the  bones  and  cartilages. 

Phi/stological  Anatomy  oftfts  Bones. — The  number,  clas- 
sification, and  relations  of  the  bones  are  questions  beh^nging 
to  descriptive  anatomy;  and  the  only  points  we  propose  to 
ocmsider  refer  to  their  general  or  microscopic  structure. 

'  Loavocr,  Tnskh  de  pk^iolo^t^  Parifi,  18^9,  totn«  il,  p,  m%. 
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Every  bone,  be  it  long  or  short,  is  composed  of  what  is 
called  the  fundamental  substance,  marked  by  microscopic 
cavities  and  canals  of  peculiar  form.  The  cavities  contain 
corpuscular  bodies,  called  bone-corpuscles.  The  canals  of 
larger  size  serve  for  the  passage  of  blood-vessels,  while  the 
smaller  canals  (canaliculi)  connect  the  cavities  with  each 
other,  and  finally  with  the  vascular  tubes.  Many  of  the 
bones  present  a  medullary  cavity,  filled  with  a  peculiar 
structure,  called  marrow.  In  almost  all  bones  there  are  two 
distinct  portions :  one,  which  is  exceedingly  compact,  and 
the  other,  more  or  less  spongy  or  cancellated.  The  bones 
are  also  invested  with  a  membrane,  containing  vessels  and 
nerves,  called  the  periosteum. 

The  method  usually  employed  in  the  study  of  the  bones 
is  by  thin  sections  made  in  various  directions,  and  examined 
either  in  their  natural  condition  or  with  the  calcareous  mat- 
ter removed  by  maceration  in  weak  acid  solutions.  By  the 
first  method,  we  can  make  out  the  relations  of  the  fnndar 
mental  substance,  the  direction  and  relations  of  the  vascular 
canals,  and  the  form,  size,  relations,  and  connections  of  the 
bone-cavities  and  small  canals.  By  the  latter  method  we 
can  isolate  and  study  the  organic  and  corpuscular  elements. 

Fundamental  Suhatance. — This  constitutes  the  true  bony 
substance,  the  medullary  contents,  vessels,  nerves,  etc.,  being 
simply  accessory.  It  is  composed  of  a  peculiar  organic  mat; 
ter,  called  osteine,  combined  with  various  inorganic  salts,  in 
which  the  phosphate  of  lime  largely  predominates.  In  ad- 
dition to  the  phosphate  of  lime,  the  bones  contain  carbonate 
of  lime,  fluoride  of  calcium,  phosphate  of  magnesia,  soda, 
and  the  chloride  of  sodium.  The  relative  proportions  of  the 
organic  and  inorganic  matters  are  somewhat  variable ;  but 
the  average  is  about  one-third  of  the  former  to  two-thirds  of 
salts.  This  proportion  is  necessary  to  the  proper  consistence 
and  toughness  of  the  bones. 

Anatomically,  the  fundamental  substance  is  arranged  in 
the  form  of  regular,  concentric  lamellae,  about  i^^  of  an 
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inch  in  thickne^.*  This  matter  ig  of  an  indefinitely  and 
faintly  Btriated  appearance,  but  it  cannot  be  reduced  to  dis- 
tinct fibres.  In  the  long  bones  tlie  arrangeoient  of  the 
lamelke  is  quite  regular,  surrounding  the  Ilaversian  canals, 
and  forming  what  are  sometimes  called  the  Haversian  rodn, 
following  in  their  direction  the  length  of  the  bone.  In  the 
short,  thick  bones  the  laniellie  are  more  irregular,  frequently 
radiating  from  the  central  portion  to  the  periphery.  These 
peculiarities  in  the  disposition  of  the  fundamental  substance 
will  be  more  readily  understood  after  a  descriptiuu  of  the 
HaTersian  canals, 

H^avergian  Canals. — These  canals  exist  in  the  compact 
bony  structure.  They  are  absent,  or  very  rare,  in  the  spongy 
and  reticulated  portions.  Their  form  is  rounded  or  ovoid, 
the  larger  ones  being  sometuues  quite  irregular.  In  the 
long  bones  their  direction  is  generally  longitudinal,  although 
they  ana&tomose  by  lateral  hranchcs.  Each  one  of  these  ca- 
nals contains  a  blood-vessel,  and  their  disposition  constitutes 
the  vascular  arrangement  of  the  bones.  They  are  all  con- 
nected with  the  oj^ning  on  the  surface  of  the  bones,  by 
which  the  arteries  penetrate  and  the  veins  emerge.  Their 
size,  of  course,  is  variable.  According  to  Sappey,  the  largest 
are  about  ^  and  the  smallest  ^-J^  of  an  inch  in  diameter. 
Their  average  si^e  is  from  -^^  to  y^  of  an  inch.*  In  a 
transverse  section  of  a  long  bone  the  Haversian  canals  may 
be  seen  cut  across  and  surrounded  l>y  from  twelve  to  fifteen 
lamellcB,  In  a  longitudinal  section  the  course  and  anasto- 
may  be  studied. 

iMeuTUB, — The  fundamental  substance  is  everywhere 
marked  by  irregular,  microscopic  excavations,  of  a  peculiar 
form,  called  lacunEB,  or  osteoplasts.  These  were  at  one  time 
supposed  to  be  corpuscles  of  calcareous  matter,  and  were 
known  as  the  bone-corpusc*les;  but  it  has  since  been  ascer- 
tained that  this  appearance  is  due  to  the  imperfect  methods 

*  Sappet,  7Voi7^  iTanatomie^  Pirifl,  18ft6|  lome  I,  p,  S-L 

*  SiPMY,  op,  eiL^  p.  76, 
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of  preparation  of  the  tliin  sections  of  lR>ne,  They  are  con- 
nected with  numerous  little  eanuls,  giving  theui  a  btelliile 
appearuncti.  These  ar€  must  numerous  at  tlie  feidec*.  Th^ 
hunma?  measure  from  j^^  to  ^jf  of  an  inch  in  their  i 
diiimeter,  by  about  j-ijVir  t*f  *^n  inch  in  width,'  Thev  contain 
the  true  lx>neH!orpusc'le6,  which  we  will  presently  de:^Til>e, 

CamilteulL — The^  are  little  wavy  canaU,  couuecting 
the  lacuna^  witli  each  other  and  presenting  a  communication 
between  the  first  series  of  laeunje  and  the  Huveii&ian  cauaK 
EjiC'li  o^teopla.st  presents  from  eighteen  to  twenty  cunaliiruli 
radiating  from  its  borders.  Their  length  h  from  ^-J^  to  ^J^ 
of  an  inch,  and  their  diameter  about  ^^  J^ny  of  an  inch.'  The 
arrangement  of  the  Uaversian  eanak,  lacuntej  and  caualiculi 
is  filiown  in  Fig*  19. 

FiO«  19, 
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(wiih  Uiolr  canallcuUK  forming  cou^iu^Uiv  .  ..*^-     ,..«j 

ima^  tnoM  t,  p.  i».) 


Bone^^sdU  or  Corpuscle^.  — By  treating  perfectly-fre^l 
BpecimeuB  of  bone  with  weak  acid  aolution^,  Virchow  h  m 
»  Sappky^  op.  dL,  p.  80.  1  Idem-*  p.  8L 
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demonstrated  the  presence  of  Btellate  cells,  or  cr^qiuscles, 
exactly  filling  up  tlie  lacunae,  and  sending  prolongationg  into 
tlie  canaliculi,*  These  structures  have  since  been  studied 
by  Eouget,  who  lias  succeeded  in  demonstrating  them  in 
fresh  bones  from  the  foetus,  without  using  any  reagent.' 
They  are  stellate,  granular,  with  a  large  nucleus  and  several 
nucleoli,  and  are  of  exactly  the  size  and  lorm  of  the  lacun®. 
They  send  out  prolongations  into  the  canaliculi,  l>ut  it  ha^ 
been  impossible  to  ascertain  potsitively  whether  or  not  they 
form  membranes  lining  the  eanalieuU  through  their  entire 
length. 

Man'mo  of  the  Bones. — The  peculiar  structure  called 
marrow  is  found  in  the  medullary  cavities  of  the  long  bones^ 
filling  them  completely  and  moulded  to  all  the  in'egulari- 
ties  of  their  surface.  It  is  also  found  filling  the  cells  of  the 
spongy  portion.  In  other  words,  with  the  exception  of  the 
vaficular  canals,  lacuna,  and  canaliculi,  the  marrow  fills  all 
tlie  spaces  in  the  fundamental  substance.  We  know  very 
little  of  the  functions  of  the  marroWj  we  shall  thcrefure  pass 
it  over  with  a  brief  description. 

It  is  now  settled  that  the  cavities  of  the  bones  are  not 
lined  with  a  membrane  corresponding  to  the  periosteum,  and 
that  the  marrow  is  apphed  directly  to  the  bony  substance. 
In  the  fijetus  and  in  very  young  children,  the  marrow  is  red 
and  very  vascular.  In  the  adult  it  is  yellow  in  some  bones, 
and  gray  or  gelatiniforra  in  others.  It  contains  certain  pecu- 
Uar  ceUs  and  nuclei,  with  amorphous  matter,  adipose  vesi- 
cles, connective  tissue,  blood-vessels,  and  nerves. 

JfedfdloeeUd, — ^Robin  has  described  Uttle  bodies,  existing 
both  in  the  form  of  cells  and  free  nuclei,  called  mednllocells. 
These  are  found  in  greater  or  less  number  in  the  bones  at 

^^  '  ViBCaow,  Cdiular  Path&}ogtf,  PhiladelphLi,  1863,  p.  112.     Virchow^B  first 
^^PpNTAtioni  were  rnnde  in  1850. 

^^^  •  RoiTGET,  N&U  9UT  let  corpwfcks  des  Q§,^^oumal  de  la  ph^ologie^  PariB, 
r     18B8,  tome  l»  p.  764,  €t9eq. 
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all  ages,  but  are  more  abundant  in  proportion  as  the  amor- 
phous matter  and  fat-cells  are  deficient.  The  nuclei  are 
spherical,  with  borders  sometimes  irregular,  generally  with- 
out nucleoli,  finely  granular,  and  from  ^^  to  ^-^  of  an 
inch  in  diameter.  They  are  insoluble  in  acetic  acid.*  The 
cells  are  less  numerous  than  the  free  nuclei.  They  are 
spherical  or  slightly  polyhedric,  contain  a  few  pale  grann- 
lations,  are  rendered  pale,  but  are  not  dissolved  by  acetic 
acid,  and  measure  about  -pjVc  of  an  inch  in  diameter." 

Mydoplax€%, — These  are  irr^ular,  nucleated  patches, 
also  described  by  Eobin,  more  abundant  in  the  spongy  por- 
tions of  the  bones  than  in  the  medullary  canals,  and  are 
applied  to  the  internal  surfaces  of  the  bones.  They  are  ex- 
ceedingly irregular  in  size  and  form  (measuring  from  -y^ 
to  yfj^  of  an  inch  in  diameter),  are  finely  granular,  and  pre- 
sent from  two  to  twenty  or  thirty  nuclei.  The  nuclei  are 
clear,  ovoid,  generally  with  a  nucleolus,  and  are  from  f^ 
*o  TsW  of  an  inch  long,  by  y^  to  yAt  of  an  inch  broad. 
The  myeloplaxes  are  rendered  pale  by  acetic  acid,  and  the 
nuclei  are  then  brought  out  more  distinctly.* 

In  addition  to  the  anatomical  elements  just  described, 
the  marrow  contains  a  few  very  delicate  bundles  of  connec- 
tive tissue,  most  of  which  accompany  the  blood-vessels.  In 
the  foQtus  the  adipose  vesicles  are  few  or  may  be  absent ; 
but  in  the  adult  they  are  quite  numerous,  and  in  some  bones 
seem  to  constitute  the  whole  mass  of  the  marrow.  They  do 
not  dificr  materially  from  the  fat-cells  in  other  situations. 
Holding  these  different  structures  together,  is  a  variable 
quantity  of  semitransparent,  amorphous,  or  slightly  granu- 
lar matter. 

The  nutrient  artery  of  the  bones  sends  branches  to  the 
marrow,  generally  two  in  number  for  the  long  bones,  which 
are  distributed  between  the  various  anatomical  elements,  and 

*  LiTTRE  ET  Robin,  Dictionnaire  de  medecine^  Paris,  1865,  Article,  AfeduUccdlt, 

*  PoccHET,  Prl:ci9  d'hUidogie  humaine,  Paris,  1864,  p.  106. 

*  LiTTRE  ET  Robin,  Dlciionmtire  de  medecine^  Paris,  1865,  Article,  MyehfJaxe. 
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finally  surround  the  fatty  lobules  and  the  fat-vesicles  with  a 
delicate  capillary  plexus.  The  veins  correspond  to  the  arte- 
Ties  in  their  distribution.  The  nerves  follow  the  arteries, 
and  are  lost  when  these  vessels  no  longer  present  a  mu&cnlar 
coat.*  Nothing  is  known  of  the  presence  of  lymphatics  m 
any  part  of  the  bones,  or  in  the  periostenm. 


The  only  point  of  physiological  interest  connected  with 
the  marrow  is,  that  it  has  been  found  to  possess,  in  common 
with  the  periosteum,  but  in  a  less  degree,  the  property 
of  generating  true  bony  substances.  We  shall  see  farther 
on^  that  the  periosteum  is  not  only  very  important  to  the 
nutrition  of  the  bones,  but  that  it  will  lii^enerate  bone  when 
transplanted  into  vascular  parts.  M»  Oilier,  who  has  made 
a  very  extended  series  of  experiments  upon  the  physiological 
properties  of  the  periosteum,  endeavored  to  produce  bone  by 
transplanting  portions  of  marrow,  but  was  unauceessfuL 
M.  Gowjon,  however,  has  lately  been  more  fortunate.  He 
has  found  that  frequently,  but  not  always,  marrow  trans- 
planted into  the  muscular  tissue  will  generate  bone,  particu- 
larly the  marrow  taken  from  young  bones,  but  the  bony 
tissue  thus  formed  is  soon  ali^orbed/ 

Periost^unu — In  most  of  the  bones  the  periosteimi  pre- 
sents a  single  layer  of  fibrous  tissue ;  but  in  some  of  the  long 
bones  two  or  three  layers  may  be  demonstrated.  This  mem- 
brane adheres  to  tiie  bone,  but  can  generally  be  separated 
without  iTinoh  difficulty.  It  covers  tlie  bones  completely, 
except  at  the  articular  surfaces,  where  its  place  is  supplied 
by  cartilaginous  incrustation.  It  is  composed  mainly  of 
fibres  of  the  white  inelastic  variety,  with  numerous  small 
elastic  fibres,  blood-vessels,  nerves,  and  a  few  adipose 
vesicles. 

The  arterial  branches  ramifying  in  the  periosteum  are 

'  Sapptt,  i>p.  ciL,  p.  96. 

'  Gor/ON^  Recherchet  experimmtaltt  mr  let  propriUh  phfmUigiqrtfM  de  la 
r  dn  m, — Javmal  de  rana/omie^  Paris,  1861^,  tome  tL,  p*  399,  c^  teq* 
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quite  numerous,  forming  a  close,  anastomosing  plexus^  vrliicli 
fiends  numerous  small  branches  into  the  bony  substance. 
There  is  nothing  peculiar  in  tlie  arrangement  of  the  veins* 
The  distribution  of  the  veins  in  the  bony  substance  has  been 
very  little  studied, 

Tbe  nerves  of  tlie  periosteum  are  very  abtindantf  and 
form  in  its  substance  quite  a  close  plexus. 

The  adi[»oi?e  tissue  is  very  variable  in  quantity.  In  some 
parts  it  forms  a  continuous  sheet,  and  in  others  the  vesicles 
are  scattered  liere  and  there  through  the  substance  of  the 
membrane. 

The  importance  of  the  periosteum  to  the  nutrition  of  the 
bones  is  very  jjreat.  Instances  are  on  record  where  bones 
have  been  reiuoved,  leaving  the  periosteum,  in  wliich  the 
entire  bone  hiis  been  regenerated.  The  importance  of  the 
periosteum  Ims.  been  still  farther  illustrated  by  the  remark- 
able experiments  of  SL  Oilier,  npon  transplantation  of  this 
membrane  in  the  different  tissues  of  living  animals/ 


PhyaicH^iml  Anatomy  of  CartUaye. — In  this  connec- 
tion the  structure  of  the  articular  cartilages  presents  the 
chief  physiological  interest.  The  articular  surfaces  of  all  the 
bones  are  encrusted  with  a  layer  of  cartilage,  varying  i 
thickness  from  -^  to  ^  of  aif  inch.  The  cartilaginous  su^ 
stance  is  white,  opaline,  and  semitransparent  when  exiimine<r^-^^<f 
in  thin  sections.  It  is  not  covered  with  any  membrane,  bu 
in  the  non-articular  cartilages  it  has  an  investment  analcH^O 
gous  to  the  ]>eriosteum. 

Examined  in  thin  sections,  cartilage  is  found  to  consis^ 
of    a  homogeneous  fundamental  substance,  marked  wii 
numerous  excavations,  called  cartilage-cavities,  or  chond 
plasts.     The  intervening  substance  has  a  peculiar  organL-^iJ 

^  Tbe  original  inemoira  of  M.  OUier  were  published  in  ihe  JvHmat  dt  U  j^}^^ 
ie%i«|  Pam,  1801^-1863^  tome  IL^  pp.  1,  169^  45S,  totne  iii,,  p.  88^  tome  iv.«  p. 
dY,  tome  v.f  p.  K9»  and  tome  tL^  pp.  466»  617.    He  has  «!nce  pubU«bcd  ui  eUU^v 
rote  work  on  the  Btibject,  in  two  volumes,     (Traiii  ^jphimettJtafe  H  tiimifm  4i 
iaghUruiitm  tks  o*^  Paris,  1867.) 
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base,  called  cartilagiiie.  By  prolonged  boiling  this  la 
changed  into  a  new  substance,  called  chondrine.  The  or- 
ganic matter  is  united  with  a  certain  propurtiim  of  inorganic 
saltd,  TliiB  fundament al  substance  is  elastic  and  reeistiiig. 
The  cartihiges  are  closely  united  to  the  gubjacent  bony  tis*- 
sue.     Tlie  free  articular  surface  has  already  been  de«cribcdJ 

Curtilage-  Cavities. — 
Thefee  cavities  are  round- 
ed or  ovoid,  measuring 
from  y^  to  y^Tjr  of  an 
inch  in  diameter/  They 
are  generally  smaller  in 
the  mticular  cartilages 
than  in  other  situations, 
as  in  the  costal  carti- 
lages. They  are  simple 
excavations  in  the  funda- 
mental substance,  have 
no  lining  meml)rane,  and 
contain  a  small  quantity 
of  a  viscid  liquidj  with 
one  or  more  cells.  They 
are  entirely  anah»gous 
td  the  lacunae  of  the 
bone«. 

Cartilage  -  Ce  Us. — 
K'ear  the  surface  of  the 
articular  cartilages  the 
cavities  contain  each  a 
ringle  cell :   but  in  the  p^    ^^^,^  ^^„  ^^  ,  <ii«tbrod]ai   c^ii«^; 

neeper  poniOUS  lUe  L»>         ^^  ^^^  tre^tx^  with   hydrochloric  *cld  :   a.  8, 

c»vitl««   and    oeU§  of  thft  Aev\y  byer  of  c*rtilfl^; 

4,  4.  cavities  and  «>lla  of  the  uMAU  Ufir;    6.  &, 

iMivitfet  and  ooll*  of  th«  •umrflptal  layer.    (Sa^ pkt, 

-     -    '     Jsct,  tome  l^  p.  M4,y 
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itie^  are  loug  and  con- 
tain from  two  to  twenty 
cell^  arran  creel  longitu- 
dinally.      The  cells  are  of  about  the  size  of  the  smallest 

»  See  p«g«  40,         >  Poitotet,  PrhcU  J'hktoloffie  hnnaiuf,  T&m,  mi,  p.  117. 


irOTEMESTS* 


cavities.  They  are  ovoid,  with  a  large,  granular  nueleufi. 
They  often  contain  a  few  small  globules  of  oil.  In  the 
costal  cartilages  the  cavities  are  not  numerous,  but  are 
rounded  and  quite  large.  The  cells  contain  generally  a 
certain  amount  of  fatty  matter.  The  appearance  of  the  or- 
dinary articular  cartilage  is  represented  in  Fig,  20. 

The  ordinary  cartilages  have  neither  blood-vessels,  lym* 
phatica,  nor  nerves,  and  are  nourished  exclusively  by  imbibi- 
tion from  the  surrounding  parts.  Their  function  has  already 
been  sutticiently  considered  in  treating  of  the  synovial  mem- 
branes. In  the  development  of  the  body,  the  anatomy  of 
the  cartilaginous  tissue  possesses  peculiar  interest,  from  the 
fact  that  the  deposition  of  cartilage  precedes  the  formation 
of  boue ;  but  we  have  here  only  to  do  with  the  permanent 
cartilages, 

Fibro-Cariila^e. — This  variety  of  cartilage  presents  cer- 
tain important  peculiarities  in  the  structure  of  its  funds .^^ 

mental  substance.  It  exists  in  the  synchondroses,  the  car — -- 
til  ages  of  the  ear,  of  the  Eustachian  tubes^  the  interarticala^r^..4if 
disks,  the  intervertebral  cartilages,  the  cartilages  of  Santorin 
and  of  Wrisberg,  and  the  epiglottis.  Its  structure  has  beei^r:«iit 
very  closely  and  snccessfiilly  studied  by  Sappey,  who  h 
arrived  at  results  differing  considerably  from  those  obtaini 
by  other  observers- 
According  to  Sappey,*  the  fibro-cartilage  is  composed  o 
true  fibrous  tissue  with  a  great  predominance  of  elastic  fibre 
fusiform,  nucleated  fibres,  a  certain  number  of  adipose  vi 
cles,  cartilage-cells,  and  numerous  blood-vessels  and  nervi —  JT 
Tlie  presence  of  cartilage-cells  assimilates  this  tissue  to  ll 
ordinary  cartilage,  though  its  structure  is  very  much  mo  ^3T9 
complex.  The  fibrous  elements  above  mentioned  take  t^te 
place  of  the  homogeneous  fundamental  substance  of  the  tr^^a 
cartilage.  The  most  important  peculiarity  in  the  structcan? 
of  tliis  tissue  is  that  it  is  abundantly  supplied  with  blocwi- 
vessels  and  nerves. 


>  SAFPJcr,  Traiik  ^anakmit.  Puna,  1867,  tome  L^  p.  4dS,  d  mf^ 


AKATOMY  OF  OABnULGE.  489 

The  reader  is  referred  to  works  upon  anatomy  for  a  his- 
tory of  the  action  of  the  muscles.  In  some  works  upon 
physiology,  will  be  found  descriptions  of  the  acts  of  walking, 
nmning,  leaping,  swimming,  etc ;  but  we  have  thought  it 
better  to  omit  these  subjects,  rather  than  to  enter  as  mi- 
nutely as  would  be  necessary  into  anatomical  details, 
and  to  give  elaborate  descriptions  of  movements,  so  simple 
and  familiar. 


CHAPTER  XVIL 

TOIOB    AND    8PBB0H. 

Sketch  of  the  physiological  anatomy  of  the  Tocal  organs — Vocal  chords— Mus- 
cles of  the  larynx — Crico-thyroid  mascles — Arytenoid  muscle — ^Lateral 
crico-arytenoid  muscles — ^Thyro-arytenoid  muscles — ^Mechanism  of  the  pro- 
duction of  the  voice — ^Appearance  of  the  glottis  during  ordinary  respira- 
tion— Movements  of  the  glottis  during  phonation — ^Yariations  in  the  quality 
of  the  voice,  depending  upon  differences  in  the  sise  and  form  of  the  larynx 
and  the  vocal  chords — ^Action  of  the  intrinsic  muscles  of  the  larynx  is 
phonation — ^Action  of  the  accessory  vocal  organs — Mechanism  of  the  dif- 
ferent vocal  registers«>Mechanism  of  speech. 

Thebe  are  few  subjects  connected  with  human  physiology 
of  greater  interest  than  the  mechanism  of  voice  and  speech. 
In  common  with  most  of  the  higher  classes  of  animals,  man 
is  endowed  with  voice ;  but,  in  addition,  he  is  able  to  express, 
by  speech,  the  ideas  that  are  the  result  of  the  working  of  the 
brain.  In  this  regard  there  is  a  difference  between  man 
and  all  other  animals.  It  is  the  remarkable  development 
and  the  peculiar  properties  of  the  brain  that  enable  him 
to  acquire  the  series  of  movements  that  constitute  articulate 
language  ;  and  this  faculty  is  always  impaired  pari  jxism 
with  deficiency  in  the  intellectual  endowment.  Language 
is  one  of  the  chief  expressions  of  intelligence;  and  its  study, 
in  itself,  constitutes  almost  a  distinct  science,  inseparably 
connected  with  psychology.  In  connection  with  the  study 
of  movements,  therefore,  it  is  not  necessary  to  discuss  the 
origin  and  construction  of  language,  but  simply  to  indicate 
the  mechanism,  first,  of  the   formation  of  the  voice,  and 
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terward  the  manner  in  which  the  voice  Lj  modified  w)  as 
admit  of  the  production  of  articulate  Bound&. 
The  voice  in  the  human  subject,  presenting,  as  it  does,  a 
"variety  of  characters  as  regards  intensity,  pitch,  and  quality, 
and  suBceptible  of  great  modifications  by  habit  and  culti^ 
vation,  affords  a  very  extended  field  for  physiological  etudy. 
Of  late  years  tliis  has  been  the  Bubject  of  careful  investiga- 
tion  by  the  moat  eminent  physicists  and  physiologists ;  but 
follow  it  out  to  its  extreme  limits  requires  a  knowledge 
of  the  physics  of  sound  and  the  theory  of  music,  a  full  cou- 
Bideration  of  which  would  be  inconsistent  with  the  scope 
and  objects  of  tliis  work.  We  shall  content  ourselves,  there- 
fore, with  a  sketch  of  the  physiological  anatomy  of  tlie  parts 
concerned  in  the  formation  of  the  voice,  and  tlie  meclumisin 
by  which  sounds  are  produced  in  the  larynx,  without  treat- 
ing fully  of  their  varied  modifieaHons  in  ijuality.  It  will 
not  be  necessary  to  treat  of  tlie  different  theories  of  the  voice 
that  have  been  presented  from  time  to  time,  except  in  jmj  far 
as  they  have  been  confirmed  by  more  recent  and  complete 
observations,  particularly  those  in  which  the  vocal  organs 
have  been  studied  in  action  by  means  of  the  laryngoscope. 

Sketch  of  the  Physiol^ical  Anatomy  of  ths  Vocal  Organs, 

The  principal  organ  concerned  in  the  production  of  the 
voice  is  the  larynx.  The  accessory  organs  are  the  lungs, 
trachea,  and  expiratory  muscles,  and  the  mouth  and  reso- 
nant  cavities  about  the  face.  The  lungs  furnish  the  air  by 
which  the  vocal  chords  are  thrown  into  vibration,  aud  the 
mechanism  of  this  action  is  only  a  modification  of  the  prr> 
of  expiration.  By  the  action  of  tlie  ex]»iratory  muscles 
e  intensity  of  vocal  sounds  is  regulated.  The  trachea  not 
only  conducts  the  air  to  the  larynx,  but,  by  certain  varia- 
tions in  its  length  and  caliber,  may  assist  in  m^xlifying  the 
pitch  of  the  voice.  Most  of  the  variations  in  the  tone  and 
quality,  however,  are  effected  by  the  action  of  the  laiynic 

If  and  the  partB  situated  above  it. 
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It  is  impossible  to  give  a  complete  accomit  of  the  stmcture 
of  the  larynx,  without  going  more  fully  than  is  desirable  into 
purely  anatomical  details.  Some  anatomical  points  have 
already  been  referred  to  under  the  head  of  respiration,  in 
connection  with  the  respiratory  movements  of  the  glottis ;  * 
and  we  propose  here  only  to  refer  to  the  situation  of  the 
vocal  chords,  and  to  indicate  the  modifications  that  they 
can  be  made  to  undergo  in  their  relations  and  tension  by 
the  action  of  certain  muscles. 

The  vocal  chords  are  stretched  across  the  superior  open- 
ing of  the  larynx  from  before  backward.  They  consist  of 
two  pairs.  The  superior,  called  the  false  vocal  chords,  are 
not  concerned  in  the  production  of  the  voice.  They  are  less 
prominent  than  the  inferior  chords,  though  they  have  nearly 
the  same  direction.  They  are  covered  by  an  excessively-thin 
mucous  membrane,  which  is  closely  adherent  to  the  sub 
jacent  tissue.  The  chords  themselves  are  composed  of 
fibres  of  the  white  inelastic  variety,  mixed  with  a  few  elas- 
tic fibres. 

The  true  vocal  chords  are  situated  just  below  the  superior 
chords.  Their  anterior  attachments  are  near  together,  at  the 
middle  of  tlie  thyroid  cartilage,  and  are  immovable.  Pos- 
teriorly they  are  attached  to  the  movable  arytenoid  carti- 
lages ;  and  by  the  action  of  certain  muscles,  their  tension 
may  be  modified,  and  the  chink  of  the  glottis  may  be  opened 
or  closed.  These  ligaments  are  much  larger  than  the  false 
vocal  chords,  and  contain  a  very  great  number  of  elastic 
fibres.  Like  the  superior  ligaments,  they  are  covered  with 
an  excessively-thin  and  closely-adherent  mucous  membrane. 
According  to  M.  Foumi6,  the  author  of  a  very  elaborate  and 
recent  work  on  the  voice,  the  mucous  membrane  over  the 
borders  of  the  chords  is  covered  with  pavement-epithelium, 
without  cilia."  There  are  no  mucous  glands  in  the  mem- 
brane covering  either  the  superior  or  the  inferior  chords. 

*  See  vol.  i.,  Respiration,  p.  868. 

•  FouRNiA,  Phytiologie  de  la  wnx  H  de  la  parole^  Paris,  1866,  p.  129. 
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It  has  been  conclusively  shown,  particularly  by  the  ex- 
periments of  Longetj  that  the  inferior  vocal  chords  are  alone 
concemeil  in  the  production  of  the  voice.  This  author,  who 
has^  made  numerous  experiments  on  phonation,  has  demon- 
strated, by  operations  on  dogs,  that  the  epiglottis,  the  supe- 
rior vocal  chords,  and  the  ventricles  of  the  larynx,  may  be 
injured,  without  producing  any  serious  alteration  in  the 
voice ;  but  that  phonation  becomes  impossible  after  serious 
lesion  of  the  inferior  chords.*  This  being  the  fact,  as  far 
as  the  mere  production  of  the  voice  in  the  larynx  is  con- 
cerned, we  have  only  to  study  the  mechanism  of  the  action 
of  the  inferior  ligaments  and  the  muscles  by  which  their 
tension  and  relations  are  modified. 

Mki$cle9  of  ths  Larynx. — Anatomists  nsually  divide  the 
muscles  of  the  larynx  into  extrinsic  and  intrinsic.  The  ex- 
trinsic muscles  are  attached  to  the  outer  surface  of  the  laiTnx 
and  to  adjacent  organs,  such  as  tlie  hyoid  bone  and  the 
sternum.  They  are  concerned  chiefly  in  its  movements  of 
elevation  or  depression.  The  intrinsic  nmscles  are  attached 
to  the  dilierent  parts  of  the  larynx  itself,  and,  by  their  action 
upon  the  articulating  cartilages,  are  capable  of  modifying 
the  condition  of  the  vocal  chords.  The  number  of  the  in- 
trinsic muscles  is  nine,  four  pairs  and  a  single  muscle.  In 
studying  the  situation  and  attachments  of  these  muscles,  it 
will  be  useful  at  the  same  time  to  note  their  mode  of  action. 
This  has  been  experimentally  demonstrated  by  Longet,  who 
has  studied  the  isolated  action  of  the  different  muflcles  by 
L  galvanizing  the  nervous  filament  distributed  to  each  one, 
I  either  in  the  living  animal,  or  in  animals  recently  killed. 
I      In  tliis  way  he  has  been  able  to  show  the  mechanism  of  dila- 

■  tation  of  the  larynx  during  inspiration,  and  to  indicate  the 

■  precise  action  by  which  the  vocal  chords  are  rendered  tease 
W     or  are  relaxed.*    These  expeiiments,  by  the  positive  charac- 


*  LoMGZT^  Traiii  dt  phtfthloffU^  Parifl,  186©,  tome  il,  p.  '728»  d  $tq, 
•Op.clL,^.  727. 


iU 


TOICB  AND   ePEBOH. 


tcr  of  their  r^ultjs,  have  done  inach  to  simplify  the  study  of 
the  muscular  acta  conceraed  in  the  production  of  the  voice. 

Bearing  in  mind  the  relations  and  attachraentB  of  the 
vocal  cliords,  we  can  nnderBtand  precisely  how  they  can  he 
rendered  tense  or  loose  by  muscular  action*     Tlieir  fixed 
point  h  in  front,  where  their  extremities,  attjiched  to  the 
thyroid  cartilage,  are  nearly  or  quite  in  contact  with  each 
other.     The  arytenoid  cartilages,  to  which  they  are  attached 
posteriorly  J  present  a  movable  articulation  with  the  eric*  ♦id 
cartilage ;  and  the  cricoid,  narrow  in  front,  and  wide  behind, 
where  the  ar}^enoid  cartilages  are  attached,  presents  a  mov- 
able articulation  with  tlie  thyroid  cartilage.     It  is  evident- 
therefore,  that  muscles  acting  upon  the  cricoid  cartilag© 
cause  it  to  swin^  upon  its  two  points  of  articulation  with  th- 
inferior  cornuu  of  the  thyroid,  raising  the  anterior  portii)' 
and  approximating  it  to  the  lower  edge  of  the  thyroid;  ancL^ 
as  a  consequence,  tlie  posterior  portion,  which  carries  tlzrae 
arytenoid  cartilages  and  the  posterior  attachments  of  tk^e 
vocal  chords,  is  depressed.     This  action  would,  of  course,  i.  ai- 
crease  the  distance  between  the  arytenoid  cartilages  and  t"^e 
anterior  portion  of  the  thyroid,  elongat^e  the  vocal  chor«OFj 
and  subject  them  to  a  certain  degree  of  tension,    Exp^xi^ 
ments  have  shown  that  such  an  efleet  is  produced  by  trfce 
contraction  of  the  erico-thyroid  muscles. 

The  articulations  of  the  difierent  parts  of  the  larynr 
are  such  that  the  arytenoid  cartilages  may  be  approximatef/ 
to  each  other  posteriorly,  though  perhaps  only  to  a  ^Mght 
extent,  thus  diminishing  the  interval  between  the  pmtorio? 
attachments  of  the  vocal  chords.  This  action  can  be  eflectd 
by  contraction  of  the  single  muscle  of  the  larynx,  the  arjle- 
noid,  and  also  by  the  lateral  crico-arytenoid  muscles.  Tho 
thyro-arytenoid  muscles,  the  most  coraplicated  of  all  the  in- 
trinsic muscles  in  their  attachments  and  the  direction  trf" 
their  fibres,  according  to  Longet,  give  rigidity  and  iucreairf 
capacity  of  vibration  to  the  vocal  chords.* 
>  6^  cO.,  p.  rsa 


HUSOLES  OF  TBE   LABTNX. 


495 


i 


The  posterior  crico-aiytenoid  mnsclee,  arising  from  each 
literal  balf  of  the  posterior  Burface  of  the  cricoid  cartilage, 
passing  upward  and  outward  to  be  inserted  into  the  outer 
angle  of  the  inferior  portion  of  the  arytenoid  cartilages, 
rotate  these  cartihiges  outward,  separate  theni^  and  act  as 
dilators  of  the  chink  of  the  glottis.  These  muscles  are 
chiefly  oonc^med  in  the  respiratory  moTemeuts  during  in- 
spiration. 

The  muscles  mainly  concerned  in  the  modifications  of 
the  voice  by  their  action  upon  the  vocal  chords  are  the  crico- 
thyroids, the  arytenoid,  the  lateral  crico-arjtenoids,  and  the 
thyroarytenoids.  The  following  id  a  sketch  of  their  attach- 
ments and  mode  of  action  : 

Crico-tkyroid  Mugchs, — These  nuiseles  are  aituated  on 
the  outside  of  the  larynx  at  the  anterior  and  lateral  por- 
tions of  the  cricoid  cartilage.  Each  muscle  is  of  a  triangnlar 
form,  the  base  of  the  triangle  looking  posteriorly*  It  arises 
firom  the  anterior  and  lateral  portions  of  the  cricoid  cartilage, 
and  its  fibres  diverge  to  be  inserted  into  the  inferior  border 
of  the  thyroid  cartilage,  extending  from  the  middle  of  this 
border  posteriorly,  as  far  back  as  the  inferior  comua,  Longet, 
after  dividing  the  nervous  filaments  distributed  to  these  mus- 
cles, noted  hoarseness  of  the  voice,  depending  upon  relaxation 
of  the  vocal  chords ;  and  by  imitating  its  action  mechanically, 
he  approximated  the  cricoid  and  thyroid  cartilages  in  front, 
<»rried  back  the  arytenoid  cartilages,  and  rendered  the  chorda 
tense/ 

Arytenoid  Muscle. — This  single  muscle  fills  up  the  space 
between  the  two  arytenoid  cartilages  and  is  attached  to 
their  posterior  surface  and  borders.  Its  evident  action  is 
to  approximate  the  posterior  extremities  of  the  chords  and 
constrict  the  glottis,  as  far  as  the  articulations  of  the 
arytenoid  cartilages  with  the  cricoid  will  permit.  In  any 
event,  this  muscle  is  important  in  phonation,  as  it  serves 
to  fix  the  posterior  attachments  of  the  vocal  chords  and 
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to  iQcrease  the  efficiency  of  certain  of  the  other  intrineic 

Latercd  Crico-aryUnaul  Miiscl^. — These  mttscles  are 
situated  in  the  interior  of  the  larynx.  They  mride  from 
the  sides  and  &iiperior  borders  of  the  cricoid  curtilage,  pae« 
upward  and  backward,  ^uid  are  attached  to  the  ba^e  of  the 
arytenoid  cartilages.  By  dividing  all  of  the  filaments  of  the 
recurrent  laryngeal  nerves  except  those  distributed  to  these 
muscles,  and  then  galvanizing  the  nerves,  Longet  has  shown 
that  they  act  to  approximate  the  vocal  chords  and  constrict 
the  glottis,  particularly  in  ita  interligamentotis  portion****-* 
These  muscles,  with  the  arytenoid^  act  as  eonstrietors  of  thf  >^ 
larynx. 

Thyro-arytenoid  Musdes, — It  is  sufficiently  easy  to  indi.^i* 

cate  the  relations  and  attachments  of  these  muscle-Sj  hut  thei r 

mode  of  action  is  more  complex  and  difficult  of  cc»mpreheii=r=i- 
aion.  When  we  come  to  study  the  conditions  of  the  Trrrr — if 
chords  involved  in  certain  modifications  of  the  voice/wesh^^KlI 
refer  more  in  detail  to  the  action  of  diflercnt  fasciculi  crzDf 
these  muscles.  In  this  connection  we  shall  only  descri^fce 
very  briefly  their  situation  and  attadmients,  and  the  genecr — al 
results  of  their  contraction. 

The  thyi*o-arytenoid  muscles   are  situated   witfun  t-3ie 
larynx.    They  are  broad  and  flat,  and  arise  in  front  frcz]»m 
the  upper  part  of  the  crico-thyroid  membrane  and  the  lo^K^er 
half  of  the  thyroid  cartilage.     From  this  line  of  origin,  e^ci 
muscle  passes  backward  in  two  fasciculi,  both  of  which  are 
attached  to  the  anterior  surface  and  outer  border  of  titf 
arytenoid  cartilages.     The  application  of  galvanism  to  the 
nervous  filaments  distributed  to  these  muscles  has  the  tSect 

1  A  very  interestliig  cm€  of  spbonl*^  trportifd  by  Dr.  Knight,  ttf  Boit«ii,b 

which  Uie  app«ATUicei  were  cw^ully  studied  with  the  hkrytigoseopiv  k«b*  ^ 
show  that  the  arytenoid  muscle  i%  not  copubte  Of  producing^  mnj  corinkdenblt 
ftmoimt  of  moyeinent,  In  totality,  of  the  nrylenoid  c^rtHagre.  (Kjttovr,  Tm 
QiMt  of  ParaltftU  of  Intringic  Mwdet  0/  the  Larynx. — Boit^  JMM  md  ^* 
ffieal  Journal^  1B69,  New  Series,  toL  lit,,  p,  49,  ti  atq.) 
'  LoNaKTj  loc,  ciL 
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of  rendering  the  vocal  chords  rigid  and  increasing  die  in- 
tenmtj  of  their  vibrations.'  The  great  variations  that  may 
be  produced  in  the  pitch  and  quality  of  the  voice  by  the 
action  of  muscles  operating  directly  or  indirectly  on  the 
vocal  chords  render  the  problem  of  determining  the  precise 
mode  of  action  of  the  intrinf^ic  mnsclea  of  the  larynx  exceed- 
ingly complicated  and  difficult*  It  ia  certain,  however,  that, 
in  these  muscular  act«,  the  thyro-arytenoids  play  an  impor- 
tant part.  Their  contraction  regulates  tlie  tliickuess  and 
rigidity  of  the  vocal  chords,  while  at  the  same  time  it  modi- 
tiee  their  tension.  Fouruid  regards  the  swelling  of  the  chords, 
which  may  be  rendered  regular  and  progressive  under  the 
influence  of  the  will,  as  one  of  the  most  important  agents  in 
the  formation  of  the  tones  of  the  voice/ 


Mechaniem  of  the  Prodnction  of  tk4  Voice. 

It  will  save  much  unprofitable  discussion  to  dismiss 
quite  briefly  most  of  the  theories  that  have  been  advanced 
to  expliun  the  production  of  the  voice,  and  to  avoid  com- 
parisons of  the  larynx  with  different  Mnds  of  musical  inistru- 
ments.  Before  the  larynx  had  been  studied  in  action  by 
means  of  the  laryngoscope,  physiologists,  having  the  anatom- 
ical structure  of  the  f>arts  for  their  only  guide,  presented 
various  speculations  with  regard  to  the  mechanism  of  phona- 
tion,  wluch  were  frequently  utterly  opposeil  to  each  other  in 
principle.  The  vocal  apparatus  was  compared  to  wind  or 
braes  instruments,  to  reed-instruments,  to  string-instruments^ 
to  the  flute,  etc.,  and  some  even  refused  to  the  vocal  chords 
any  share  in  the  sonorous  vibrations.  An  apparatus  was  de- 
vised to  imitate  the  Vocal  organs,  experiments  were  made  with 
the  larynx  removed  from  tlie  body,  nnd  every  thing  seemed 
to  he  done,  except  to  observe  the  organs  in  actual  function.' 

*  liOiiOiT,  <^.  cU,,  !>.  780. 

•  FotfUfii,  Phyttidofie  d«  la  mix  ft  (h  la  p<iroh,  Paris,  1856,  p.  lUJ. 

^  Perhftpi  the  most  elaborate  of  the  obscrT&tioas  made  before  the  di^coTery 
«f  the  larjngofleope  are  those  of  J.  Mullet-,  who  experimented  revj  exieasirely 
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A  short  time,  however,  after  the  larj-ngoscope  came  into  use, 
the  larynx  was  examined  during  the  production  of  vocal 
sounds.  The  true  value  of  previous  theories  was  then 
positively  demonstrated ;  and  while  it  has  not  been  possible 
to  settle  all  disputed  points  with  regard  to  the  precise  mode 
of  action  of  certain  muscles,  the  appearances  of  the  larjaii 
itself  during  phonation  and  the  results  of  the  action  of  car 
tain  of  the  intrinsic  muscles  have  been  quite  accurately 
described.  One  of  the  first  elaborate  series  of  investigations 
of  the  subject  by  means  of  the  laryngoscope  was  made  by 
Manuel  Garcia.*  These  observations  were  chiefly  directed 
to  the  changes  of  the  glottis  in  singing,  and  were  made  by 
(larcia  upon  his  own  person.  The  essential  jK)ints  devel- 
oped by  these  experiments  have  since  been  confirmed  by 
Battaille,'  and  many  other  observers. 

Appearance  of  the  Glottis  during  Ordinary  Respiration. 
— If  the  glottis  be  examined  with  the  laryngoscope  during 
ordinary  respiration,  the  wide  opening  of  the  chink  during 
inspiration,  due  to  tlie  action  of  the  crico-arytenoid  muscles, 
can  be  observed  without  difficulty.  This  action  is  effected 
by  a  separation  of  the  posterior  points  of  attachment  of  the 
vocal  eliords  to  the  arytenoid  cartilages.  During  ordinary 
expiration,  none  of  the  intrinsic  muscles  seem  to  act,  and  the 
larynx  is  entirely  passive ;  while  the  air  is  gently  forced  out 
by  the  elasticity  of  the  lungs  and  of  the  thoracic  walls.  But 
as  soon  as  an  effort  is  made  to  produce  a  vocal  sound,  the  ap- 
pearance of  the  glottis  undergoes  a  remarkable  change,  and 
becomes  modified  in  the  most  varied  and  interesting  man- 
ner, with  the  different  changes  in  pitch  and  intensity  that 

with  artificial  vocal  apparatus  and  with  the  larynx  itself  removed  from  the 
body.  Many  of  the  ideas  of  Miiller  have  been  carried  out  by  recent  laryn- 
goscopic  researches  (Manud  cU  physlologie^  Paris,  1861,  p.  127,  e<  9tq.), 

*  Garcia,  Obscrvaiions  on  the  Human  Voice, — Proceedings  of  the  Rojfal  Soddy, 
London,  1856,  vol.  vii.,  p.  399,  et  seq. 

*  Battaille,  N'ouveUes  recherches  snr  la  phonation.~—Comptea  rendut^  Parii, 
1861,  tome  Hi.,  p.  716,  et  acq. 
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le  Toice  can  be  made  to  assume.  AlthtingU  it  is  suffi- 
ciently evident  that  a  sound  may  be  produced,  and  even 
that  wordft  may  he  articulated  with  the  act  t>f  inspiration, 
time  and  normal  phonatiou  is  effected  during  expiration 
only.  It  16  evident,  ako,  that  the  inferior  vocal  chords  are 
the  only  ones  concerned  in  the  aet*  The  changes  in  the 
I  position  and  tension  of  the  chords  we  shall  study,  first 
^Kivith  reference  to  the  general  act  of  phonatiou,  and  after* 
^^ward  as  the  chords  act  in  the  varied  modifications  of  the 
r     voice,  as  regards  intensity,  pitch,  and  quality, 

^y  Movements  of  the  Glottis  during  Phonatian* 

I  It  ifi  somewhat  difficult  to  observe  with  the  laryngoscope 

all  of  the  vocal  iiiienouieua,  on  account  of  the  epiglottis, 
which  hides  a  considerable  portion  of  the  vocal  chords  ante- 
riorly, especially  during  the  production  of  certain  tones; 
but  the  patience  and  skill  of  Garcia  enabled  him  to  over- 
come most  of  these  difficulties,  and  tu  settle,  by  autolaryngo- 
ficopy,  the  most  important  questions  with  regard  to  the  move- 
ments of  the  larynx  in  singing.  It  is  fortunate  that  these  ob- 
servations, which  are  models  of  scieotifio  accuracy  and  the  re- 
sult of  most  persevering  study,  were  made  by  one  prufuuudly 
veiTBed,  theoretically  and  practically,  in  the  knowledge  of 
music,  and  possessed  of  great  control  over  the  vocal  organs.* 
Garcia,  after  having  observed  tlie  respiratory  movements 
of  the  laiynx,  as  we  have  briefly  described  tliera,  noted  that 
soon  as  any  vocal  efl'ort  was  made,  the  arytenoid  carti- 
^es  were  ai>proxJmated,  so  that  the  gluttis  appeared  as  a 
narrow  slit,  formed  by  two  chords  of  equal  length,  firmly 
attached  posteriorly  as  well  as  anteriorly.     The  glottis  tlius 

*  ManiK^l  Garcia,  the  author  of  tlie.*e  abaenrntions,  is  the  son  of  Garcli^  the 

at  composer  and  singer,  and  the  brother  of  ^klme.  Malibrati.     He  now  enjoys 

i  great  reputation  In  London,  &a  a  ain Ring-master ;  and  hifl  experiments  were 

de  with  a  view,  if  poaaible^  of  reducing  the  art  of  singingf  which  had  always 

en  taught  according  to  purely  empirical  methodS|  to  scientific  Rccumcy.     It 

^^  erident  lh»i  this  could  be  accomplished  only  through  an  exact  knowledge  of 

the  mechtiansm  of  tht;  production  of  voca\  iounda* 
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tindergoes  a  marked  change,  A  nearly  passive  or^n,  open- 
ing widely  for  the  passage  of  air  into  the  lungs,  because  the 
inspinitory  act  has  a  tendency  to  draw  its  edges  togetheTi 
and  entirely  pasBive  in  expiration,  it  has  now  become  a  &ort 
of  musical  ingtrument,  presenting  a  sUt  with  borders  capable 
of  accurate  vibration. 

The  approximation  of  the  posterior  extremities  of  the 
vocal  chords  and  tlieir  tension  by  the  action  of  certain  of 
the  intrinsic  muscles  are  ftocomplished  just  before  the  vocal 
effort  is  actually  made.  The  glottis  being  thus  prepared  for 
the  emisBion  of  a  particular  sound,  the  expiratory  muscles 
force  air  through  the  hirynx  with  the  re*|uired  power.  It 
seems  wonderftil  how  a  carefully- trained  v^oice  can  be  modu- 
lated and  varied  in  all  its  qualities,  including  the  intensity  of 
vibration,  which  is  go  completely  under  control ;  but  when  we 
consider  the  changes  in  its  quality,  we  must  remember,  ia 
explanation,  the  varying  conditions  of  tension  and  length 
of  the  vocal  cliords,  the  differences  in  tJie  size  of  the  larynx, 
trachea,  and  vocal  passages  generally,  and  the  different 
relations  that  the  accessory  vocal  organs  can  be  made  to 
assume  The  power  of  the  voice  is  simply  due  to  the  force 
of  the  expiratory  act,  which  is  regulated  chiefly  by  the  antag- 
onistic relations  of  the  diaphragm  and  the  abdominal  musdes^ 
From  the  fact  that  the  diaphragm,  as  an  active  inspiratorjr 
muscle,  is  exactly  opposed  to  the  muscles  which  have  a  ten* 
deucy  to  push  the  abdominal  organs,  with  the  diaphragm, 
over  them,  into  the  thoracic  cavity,  and  thus  diminish  the 
pulmonary  capacity,  the  expiratory  and  Inspiratorj^  acts  can 
be  liahmced  so  nicely  that  the  most  delicate  vocal  vibrations 
can  be  produced.  It  is  unnecessary  to  refer  more  in  detail 
to  the  action  of  these  muscles,  as  we  have  already  treated  of 
this  subject  fully  in  another  volume.* 

Tlio  glottis,  thus  closed  as  a  preparation  to  a  vocal  act^ 
presents  a  certain  amount  of  resistance  to  the  egress  of  air. 
This  is  overcome  by  the  action  of  the  expiratory  muscles^ 

I  Sm  vol  i.,  Ref^pirntion,  p.  885,  «l  ffg. 


and  with  the  passage  of  air  through  the  ehink,  the  edgea  of 
the  opening,  which  are  foniied  by  the  true  vocal  chords,  are 
thrown  into  vibration.  Many  of  the  diiTerent  qualitieti 
that  are  recognized  in  the  human  voice  are  dae  to  differ- 
enced in  the  lengtli,  breadth,  and  thickness  of  the  vibrat- 
ing ribbons ;  bnt,  aside  from  what  is  technically  known  as 
quality,  the  pitch  is  dependent  cliiefly  upon  the  length  of 
the  opening  through  which  the  air  is  made  to  pass,  and  the 
degree  of  tension  of  the  chords.  The  mechanism  of  these 
changes  in  the  pitch  of  vocal  sounds  is  well  illustrated  l»y 
Garcia  in  the  following  passage,  which  relates  to  what  is 
known  as  the  chest-voice :  * 

"If  we  emit  veiled  and  feeble  Bounds,  the  lafynx  opena 


at  the  notes 
agitated  by 
throughout 


^ 


and  we  see  the  glottis 
large  and  looee  vibrations 
its  entire  extent.     lU  lips 


dOf    rp^    mL 

comprehend  in  their  length  the  anterior  apophyses  of  the 
arytenoid  cartilages  and  the  vocal  chords ;  but,  I  re[>eat  it, 
there  remains  no  triangular  space. 

*'  As  the  sounds  ascend,  the  apophya^,  which  are  slightly 
rounded  on  their  internal  side,  by  a  gradual  apposition  com- 
mencing at  the  back,  encroach  on  the  length  of  the  glottis ; 
and  as  soon  as  we  reach  the  sounds  p^  — — I,  they  tin* 

iah  by  touching  each  other  through-  rw  |  izn  out  their 
whole  extent ;  but  their  summits  are  ti^  do.       ^'^^J  ^^' 

idly  fixed  one  againi^t  the  other  at  the  notes 
In  some  organs  these  summit*  are  a  little 
vacillating    when  they  form  the  posterior  ^o,  r«. 

end  of  the  glottis,  and  two  or  throe  half-tones  which  are 
formed  show  a  certain  want  of  purity  and  itrengthy  which 
very  well  known  to  singers.     From  g  /^  4  the  vi- 

itions,  having  become  rounder  and  Etji-^-iyd  puref, 
are  accomplished  by  the  vocal  liga-  do.   n.       nicinta 

alone,  up  to  the  end  of  the  register. 

>  Garcia,  ap.  <ii.,  p,  401.  We  lure  iodiottcd  th«  not^f  In  lb«  foUowlag 
imnginphs  hf  the  method  mofft  oommatlf  ttted  by  mtiitcUaa,  *•  If  dtm»  bf 
Mrt.  Seller,  in  the  Mme  qnoUtion* 
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"  The  glottis  at  this  moment  presents  the  aspect  of  a  line 
swelled  toward  its  middle,  the  length  of  which  diminishes 
still  more  as  the  voice  ascends.  We  shall  also  see  that  the 
cavity  of  the  larynx  has  become  very  small,  and  that  the 
superior  ligaments  have  contracted  the  extent  of  the  ellipse 
to  less  than  one-half." 

These  observations  have  been  in  the  main  confirmed  by 
Battaille,'  Emma  Seller,'  and  all  who  have  applied  the  la- 
ryngoscope to  the  study  of  the  voice  in  singing.  A  few 
years  ago  we  had  an  opportunity  of  observing  the  changes 
in  the  form  of  the  glottis  during  the  production  of  vocal 
sounds  of  different  degrees  of  pitch,  through  the  kindness  of 
Dr.  Ephraim  Cutter,  of  Boston.  In  these  experiments  the 
various  jx)ints  to  which  we  have  alluded  were  illustrated  by 
autolarj-ngoscopy  in  the  most  marked  manner ;  and  nothing 
could  be  more  striking  than  the  changes  in  tlie  form  of  the 
glottis  in  tlie  transition  from  low  to  high  notes.  We  have 
also  frequently  observed  the  general  appearance  of  the  glottis 
in  phonation  in  experiments  upon  animals  in  which  the  glottis 
lias  been  ex[x>sed  to  view. 

Variational  in  the  Quality  of  the  Voice,  depending  npon 
d{fVtyncKS  in  the  Size  and  Form  of  the  Larynx  and  the 
Viwil  Chords. — We  are  all  sufficiently  familiar  with  the 
ohsirjioters  of  the  male  as  distinguished  from  the  female 
voiiW  and  what  are  known  as  the  different  vocal  registers. 
In  ohildluHHl,  the  general  characters  of  the  yoice  are  essen- 

•  Kmma  Skuvr,  TV  Voict  in  Sfkging^  translaied  from  (he  German^  Phik- 
lielphiA,  ISi^S.  Thi$  little  work  conuins  the  results  of  a  series  of  observations 
on  the  voivw  made  arter  the  method  employed  by  Garcia.  These  are  peculiariy 
interesting,  a«  they  arv  applied  particularly  to  the  study  of  the  female  Toice, 
and  eluoid:«te  certain  disputed  points  with  regard  to  the  production  of  the  fal- 
setto and  the  hoad- voice.  The  whole  subject  of  the  voice  is  treated  in  an 
eminently  soientitto  manner,  and  the  author  professes  to  correct  many  faults  in 
the  methivis  of  t«^aching  the  art  of  singing,  that  have  had  their  origin  in  the 
empK\vment  of  purely  empirical  methods. 
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tially  die  same  in  both  sexes.  The  larynx  is  smaller  than 
in  the  adult,  and  the  vocal  muscles  are  evidently  more  feeble ; 
but  the  qnality  of  the  vocal  sounds  at  this  period  of  life  is 
peculiarly  pure  and  penetrating.  While  there  are  peculiari- 
tiea  that  distinguish  the  voices  of  hoys  before  the  age  of 
puberty,  they  x^resent,  as  in  the  female,  the  different  quali- 
ties of  the  soprano  and  eontralto.  At  this  age  the  voices  of 
boys  are  capable  of  considerable  cultivation,  and  their  pecu- 
liar quality  is  sctmetimes  highly  priced  in  chureh«niusic. 
After  the  age  of  puberty ^  the  female  voice  does  not  com- 
monly  undergo  any  very  marked  change,  except  in  the  de- 
velopment of  additional  strength  and  increased  compass,  the 
quality  remaining  the  same;  but  in  the  male  there  is  a  rapid 
change  at  this  time  in  the  development  of  the  lar^Tix,  aiid 
the  voice  ass^umes  an  entirely  different  quality  of  tone.  Tliis 
change  does  not  usually  take  place  if  castration  l*e  performed 
in  early  life ;  and  this  barbarous  operation  was  frequently 
resorted  to  in  the  seventeenth  century,  fur  the  purpose  of 
preserving  the  qualities  of  tlie  soprano  and  contnilto,  par- 
ticularly for  chtirch-mesic.  It  is  only  of  late  years,  indeed, 
that  this  practice  has  fallen  into  disuse  in  Italy. 

The  ordinary  range  of  all  varieties  of  the  human  voice 
is  given  by  Miiller  as  equal  to  nearly  four  octaves ;  but  it  is 
rare  that  any  single  voice  has  a  compass  of  more  than  two 
and  a  half  octaves.  There  are  examples,  however,  in  which 
singers  have  acquired  a  compass  of  three  octaves,  and  even 
more*  The  celebrated  singer,  ilrae.  Parepa-Eosa,  has  a 
compass  of  voice  that  touches  three  full  octaves,  from  sol, 
tosol|.  In  music,  the  notes  are  written  the  same  for  the 
as  for  the  female  voice,  but  the  actual  value  of  the 

lale  notes,  as  reckoned  by  the  number  of  vibrations  in  the 
second,  is  always  an  octave  higher  than  the  male/ 

In  both  sexes  there  are  differences,  both  in  the  range  and 
the  quality  of  the  voice,  which  it  is  impossible  for  a  culti* 
vated  musical  ear  to  mistake.     In  the  male,  we  have  the 

'  Faumrti,  Phtfwtolo^t  de  la  wiz  H  de  hparoie^  Parii,  ISSft,  p.  Ml. 
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base  and  the  tenor,  with  an  intermediate  voice,  called  the 
barytone.  In  the  female,  we  have  the  contralto  and  the 
soprano,  with  the  intermediate,  or  mezzo-soprano.  In  the 
bass  and  barytone,  the  lower  and  middle  notes  are  the  most 
natural  and  perfect;  and  while  the  higher  notes  may  be 
acquired  by  cultivation,  they  are  not  easy,  and  do  not  poesesa 
the  same  quality  as  the  corresponding  notes  of  the  tenor. 
The  same  remarks  apply  to  the  contralto  and  soprano.  The 
mezzo-soprano  is  regarded  by  many  as  an  artificial  division. 
The  following  scale,  proposed  by  Miiller,  gives  the  ordi- 
nary ranges  of  the  different  kinds  of  voice ;  but  it  must  be 
remembered  that  there  are  individaal  instances  in  which 
these  limits  are  very  much  exceeded : ' 


^- 


COKnULTO 


isl  fa  »ol  la  si  do  re  ntii  fa  boI  la  si  do  re  mj  fa  9ol  la  si  do  re  ml  fa  aol  la 

II        111»lffl|tlttt        ttt«4f4       4« 

I  I ) 


«!do 

4     I 


There  is  really  no  great  difference  in  the  mechanism 
of  tJiese  different  kinds  of  voice,  and  the  differences  in  pitch 
are  due  chiefly  to  the  greater  length  of  the  vocal  chords  in 
the  low-pitched  voices,  and  their  shortness  in  the  higher 
voices.  The  differences  in  quality  are  due  to  peculiarities 
in  the  confonuation  of  the  larj^x,  to  differences  in  its  size, 
and  in  the  size  and  form  of  the  auxiliary  resonant  cavitiee. 
Great  changes  in  the  quality  of  the  voice  may  be  effected 
by  practice.  A  cultivated  note,  for  example,  has  an  entirely 
different  sound  from  a  harsh,  irregular  vibration ;  and,  by 
practice,  a  tenor  may  imitate  the  quality  of  the  bass,  and 
vice  versay  although  the  effort  is  unnatural.  It  is  not  at  aJl 
imnsual  to  hear  male  singers  imitate  very  closely  the  notes 

)  McTELLEft,  Manuel  de  phymoloffiet  Paris,  1861,  tome  IL,  p.  198. 
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of  the  ft5inale,  and  the  contralto  will  sometimes  imitate  the 
voice  of  the  tenor  in  a  Burprisinglj'  natural  manner.  These 
facts  have  a  somewhat  important  bearing  npoo  certain  dis- 
puted points  with  regard  to  the  mechanism  of  the  different 
irocal  registerSj  which  will  be  considered  farther  on. 

^P      Action  of  the  Intrinsie  Muscles  of  the  Larynx  in  PKo- 
Fiaiton. — It  ia  mnch  more  difficnlt  to  find  an  entirely  satis- 
factory e3q)lanation  of  the  different  tones  produced  by  the 
human  larynx  in  the  action  of  the  intrinsic  muscleB  than  to 
deecribe  the  changes  in  the  tension  and  relations  of  the  vocal 
chords.     These  muscles  are  concealed  from  viewj  and  the 
only  idea  that  we  can  have  of  their  action  is  by  reasoning 
from  a  knowledge  of  their  point-s  of  attachment^  and  by  oper- 
ations upon  the  dead  larynx,  eitJier  imitating  the  contrac- 
eption of  special  muscles  or  galvanizing  the  nerves  in  animals 
^■ecently  killed*     In  this  way,  as  we  have  seen,  some  of  the 
^Bnuscnlar  acts  have  been  studied  very  satisfactorily ;  but  the 
^^>reci^e  effect  of  the  contraction  of  certain  of  the  mtiscles, 
particularly  the  thyro-arytenoids,  is  still  a  matter  of  dia- 
^■etission. 

^B     In  the  production  of  low  chest-tones,  in  which  the  vocal 
^Bdiords  are  elongated  and  at  the  minimum  of  tension  that 
"  will  allow  of  regular  vibrations,  the  crieo-thyroid  muscles  are 
^^undoubtedly  brought  into  action,  and  are  assisted  by  the 
^■Krytanoid  and  the  lateral  crico-arytenoids,  which  combine  to 
"  fix  the  posterior  attachments  of  tlie  vibrating  ligaments.     It 
will  be  remembered  that  the  crico-thyroidsj  by  approximat- 
I      ing  the  cricoid  and  thyroid  cartilages  in  front,  have  a  ten- 
dency to  remove  the  arytenoid  cartilages  from  the  anterior 
attachment  of  the  chords. 

As  the  tones  produced  by  the  larynx  become  higher  in 

pitxih,  the  posterior  attachments  of  the  chords  are  approxi- 

[     mated  more  firmly,  and  at  this  time  the  lateral  crico-aryte- 

ds  are  probably  brought  into  vigorous  action • 

The  function  of  the  thyro-arytenoids  is  more  complex ; 
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and  it  ia  probably  in  great  part  by  tbe  action  of  these  mus- 
cles  that  tlie  varied  and  delicate  modifications  in  the  rigi'lity 
of  the  vocal  chords  are  produced. 

The  remarkable  differences  in  singers  in  the  purity  of 
their  tones  are  undoubtedly  due  in  greatest  part  to  the  un- 
swerving accuracy  with  which  some  put  the  vocal  chords 
upon  the  stretch ;  while  in  those  in  whom  the  tones  are  of 
inferior  quality,  the  action  of  the  muscles  is  more  or  less 
vacillating,  and  the  tension  is  frequently  incorrect.  The 
fact  that  some  celebrated  singers  can  make  their  voice  heard 
above  the  combined  sounds  from  a  large  chorus  and  orchestra 
is  not  due  entirely  to  the  intensity  of  the  sound,  but  in  a 
great  measure  to  tlie  absolute  mathematical  equality  of  the 
sonorous  vibrations,  and  the  comparative  absence  of  discord- 
ant waves.*  Musicians  who  have  heard  the  voice  of  the 
celebrated  basso,  Lablache,  all  bear  testimony  to  the  re- 
markable quality  of  his  voice,  which  could  be  hoard  at  times 
above  a  powerful  chorus  and  orchestra,  A  grand  illustration 
of  this  occurred  at  the  musical  festival  at  Boston,  in  1869. 
In  some  of  the  solos  by  Mine.  Parepa-Rosa,  accompanied  by 
a  chorus  of  nearly  twelve  thousand,  with  an  orchestra  of 
more  than  a  thousand  and  largely  composed  of  brass  instru- 
ments,  we  distinctly  heard  the  pure  and  just  notes  of  this 
remarkable  soprano,  standing  alone,  as  it  were,  against  the 
entire  choral  and  instnimental  force ;  and  this  in  an  im- 
mense building  containing  an  audience  of  forty  thousand 
persons.  The  absolute  accuracy  of  the  tone  was  undoubt- 
edly an  important  element  in  its  remarkably  penetrating 

*  Immense  progress  has  been  made  In  the  mnal^rticfil  itndj  of  dillereut 
BOTinda  by  the  celebmted  German  phjHicistf  Helmholtz.  By  meaaa  of  lui  iO" 
genlouslj-conatructed  resonators,  taking  advantage  of  the  taire  of  oonMnaiUM^ 
in  accordanos  with  which  the  qualltj  a9  well  aa  the  pitch  of  different  lonm  ii 
reproduced,  he  has  been  able  to  separate  sounds  into  their  difTcrent  coiuponoDt 
parts  as  accurately  as  a  ponderable  compound  Is  resolved  into  its  constUueiil 
elements  in  the  laborat<jry  of  the  cheiuij^t. — (IIklvholtz,  Thhrit  phtfsioU^jfiqtu 
de  la  inimqm  foftdSe  mr  Cetudt  du  amMiioHS  andiiiifeit^  Paris,  186$,  p.  -18,  ff  ir^.) 
Thia  aobject  will  be  fully  considered  under  the  head  of  audition. 
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qnalil  J.     In  the  same  way  we  explain  the  fact  that  the  flute, 

rinet,  or  the  sound  from  a  Cremona  violm,  may  be  heard 
ing  above  the  chords  of  a  full  orchestra. 
Action  of  iJis  Acoesmry  Vocal  Organs, — A  correct  use 
of  the  accessory  organs  of  the  voice  is  of  the  greatest  im- 
portance in  singing ;  but  the  manner  in  which  these  parts 
perform  their  function  is  exceedingly  simple,  and  does  not 
require  a  very  extended  description.  The  human  vocal 
organs,  indeed^  consist  of  a  vibrating  instrument,  the  larynx, 
and  certain  tubes  and  cavities  by  which  the  sound  is  reon- 
ibrced  and  modi  tied, 
^1  The  trachea  serves  not  only  to  conduct  air  to  the  larynx, 
out  to  i-ecnforee  tlie  sound  to  a  certain  extent  by  the  vibra- 
tions of  the  column  of  air  ii  its  interior.  When  a  powerful 
vocal  effort  is  made,  it  is  easy  to  feel,  with  the  finger  upon 
tlie  trachea,  that  the  air  contained  in  it  is  thrown  into  vibra- 
^rion.  The  structure  of  this  tube  is  snch  that  it  may  be 
Hlongated  and  ^hortenefl  at  will.  In  the  production  of  low 
tones,  the  trachea  is  shortened  and  its  caliber  \%  increased, 
the  reverse  obtaining  in  tiie  higher  notes  of  the  scale* 

Coming  to  the  larynx  itself,  we  find  that  the  capacity  of 
its  cavity  is  capable  of  e^srtain  variations*  In  fact,  both  the 
vertical  and  the  bilateral  diameters  are  diminished  in  the 
high  notes  and  increased  in  low  tones.  The  vertical  diame- 
ter may  be  muditied  slightl}^  by  ascent  and  descent  of  the  true 
vocal  chords,  and  the  lateral  diameter  may  be  reduced  by 
the  inferior  constrictors  of  the  pimrynx,  acting  upon  the  sides 
of  the  thyroid  cartilage. 

The  cpighittis,  the  superior  vocal  chords,  and  the  ventn- 
clee  are  by  no  means  indispensable  to  the  production  of  vo- 
cal sounds.  In  the  formation  of  high  tones,  the  epiglottis  is 
somewhat  depressed,  and  the  superior  chords  are  brought 
nearer  togetlier;  but  tbis  only  affects  the  character  of  the 
resonant  cavity  above  the  glottis.  In  low  tones  the  su- 
perior chords  are  separated.     It  was  before  the  use  of  the 
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laryngoscope  in  tlie  study  of  vocal  phenomena  tliat  the 
epiglottis  and  the  ventricles  were  thought  to  be  &o  important 
in  plianation.  Undoubtedly  the  epiglottis  has  somethiDg  to 
do  with  the  character  of  the  voice;  but  its  function  in  this 
regard  is  not  absolutely  necessary,  or  even  very  important, 
as  has  been  clearly  shown  by  Longet  in  his  experiments  of 
excising  the  part  in  living  animalB.* 

The  most  important  modifications  of  the  laryngeal  Bounds 
are  produced  by  th©  resonance  of  air  in  the  pharynx,  mouth, 
and  nasal  fo&eee.  This  resonance  is  indispensable  to  the 
production  of  the  natural  human  voice.  Under  ordinary 
conditions,  in  the  production  of  low  notes  the  velum  palati 
is  fixed  by  the  action  of  its  muscular  fibres,  so  that  there  is  a 
reverht?ration  of  the  buc^co^pharyngeal  and  naso'pharyngeal 
cavities ;  that  is^  the  velum  is  inf|nch  a  position  that  neither 
the  opening  into  the  nose  or  the  mouth  is  closed^  and  all  of 
the  ca\itie«  resound.  As  the  tones  ai'e  raised,  the  isthmus 
contracts,  the  part  immediately  alx^ve  the  glottis  is  also  con- 
stricted, the  resonant  cavity  of  the  pharynx  and  mouth  h 
reduced  in  size,  until  finally,  in  the  highest  tones  of  the 
chest-i'egister,  the  communication  between  the  pharynx  and 
the  nasal  fossa?  is  closed,  and  the  sound  isreenforced  entirely 
by  the  pharynx  and  mouth.  At  the  same  time  the  tongue, 
a  very  important  organ  to  singers,  particularly  in  the  pro- 
duction of  lijgh  notes,  is  drawn  back  into  the  mouth.  Tho 
]x>int  being  curved  downward,  its  base  projects  upward  pos- 
teriori}', and  assists  in  diminishing  the  capacity  of  the  cav' 
ity.  In  tho  changes  which  the  pharynx  thus  undergoes  in 
the  production  of  diflerent  tones,  the  uvula  acts  with  the 
velum  and  assists  in  the  closm'e  of  the  diflerent  openings. 
In  singing  up  the  senile,  this  is  the  mechanism,  as  far  as  the 
chest-tones  extend.  T»Vhenj  however,  we  pass  into  what  is 
known  as  the  head-voice,  the  velum  palati  is  drawn  forward 
instead  of  backward,  and  the  resonance  takes  place  chiefljr 
in  the  naso*pharvngeal  cavity. 

1  LostiET,  Train  de  phjmoloffit^  PariB,  lSd9,  tome  II,  p.  727. 
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Mechanism  of  the  different  Vbeal  liegiaters, — Tliere  has 
been  a  great  deal  of  discuBBioiij  even  among  those  who  have 
studied  the  voice  with  the  laryngoBcope,  with  regard  to  the 
exact  mechaBisin  of  the  different  vocal  regiBters.  It  is  now 
pretty  well  settled  how  the  ordiaary  tones  of  what  is  known 
as  the  cheat-register  are  produced ;  but  witli  regard  to  the 
faketto,  the  difficulties  in  the  way  of  direct  observation  are 
80  great,  that  the  question  of  its  mechanism  cannot  be  said 
to  be  definitively  established. 

The  following  are  the  vocal  repatera  now  recognized  by 
most  physiologists : 

L  The  chest-register,  most  powerful  in  male  voices  and 
m  contraltos,  and,  indeed,  almost  characteristic  of  the  male, 

2-  The  falsetto  register,  which  is  the  most  natural  voice 
of  the  soprano ;  though  this  voice  is  capable  of  chest-tones, 
not  BO  fall,  however,  as  in  the  contralto  or  in  the  male.  In 
the  female  this  is  known  as  the  middle  register. 

3*  Tlie  head-raster,  produced  by  a  peculiar  action  of 
the  glottis  and  the  resonant  cavities  above  the  larynx.  This 
is  cultivated  particularly  in  tenors  and  in  the  female. 

Aside  from  the  three  registers,  which  belong  to  every 
voice,  a  practised  ear  can  find  no  difficulty  in  distLDguisliing 
the  different  voices  in  nearly  any  part  of  the  scale,  both  in 
the  male  and  the  female,  by  the  following  peculiarities:  In 
the  bass  the  low  tones  are  full,  natural,  and  powerful,  and 
the  higher  tones  nearly  always  seem  more  or  less  artificial 
In  singing,  the  passage  from  the  natuxal  to  the  artificial 
tones  in  the  scale  is  generally  more  or  less  apparent.  In 
the  tenor  the  full,  natural  tones  are  higher  in  the  scale,  the 
lower  tones  being  almost  always  feeble  and  wanting  in 
roundness.  Con^espontUng  peculiarities  enable  ns  to  distin- 
gmsh  between  the  coutralto  and  the  soprano. 


Ckesir Register, — We  shall  simply  recapitulate  briefly  the 

Itnechanism  of  the  chest-tones,  to  enable  us  to  study  more 

ily  the  transitions  to  the  different  upper  registers.     This 
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is  the  voice  commonly  used  in  speaking,  and  is  the  most  nat- 
ural, the  vocal  ligaments  vibrating  according  to  their  ten- 
sion, as  the  air  is  forced  through  the  larynx  from  the  diest, 
and  the  air  in  the  pharynx,  mouth,  and  nasal  fossee  pro- 
ducing a  resonance  without  any  artificial  division  of  the 
different  cavities.  As  the  tones  are  elevated  the  vocai 
chords  are  simply  rendered  more  tense,  and  the  parts  above 
the  larynx  are  more  or  less  constricted,  without  any  other 
change  in  the  mechanism  of  the  sound.  But  the  chest-voice 
in  the  male  cannot  pass  certain  well-defined  limits ;  and  in 
the  very  highest  notes  it  must  be  merged  either  into  the 
head-voice  or  the  falsetto.  The  falsetto,  however,  is  now 
but  little  cultivated,  though  some  tenor  singers,  after  long 
practice,  succeed  in  making  the  change  from  one  register  to 
the  other  so  nicely  that  it  is  hardly  perceptible,  even  to  a 
cultivated  ear.  The  head-voice  has  essentially  the  same 
mechanism  in  the  male  as  in  the  female,  and  will  be  consid- 
ered after  we  have  discussed  the  falsetto,  which  is  the  natu- 
ral voice  of  soprano  singers. 

Falsetto  Register, — The  difference  of  opinion  among 
laryngoscopists  with  regard  to  the  mechanism  of  tlie  falsetto 
is  probably  in  great  part  due  to  the  fact  that  when  these 
tones  are  produced,  the  isthmus  of  the  fauces  is  so  power- 
fully contracted  that  it  becomes  exceedingly  difficult  to 
study  tlie  action  of  the  vocal  chords.  There  is  no  reason 
for  supposing  that  the  mechanism  of  this  roister  does 
not  involve  vibration  of  the  true  vocal  chords,  as  in  the 
chest-voice,  the  difference  being  in  the  tension  and  in  the 
extent  of  the  ^vibrating  portion.  According  to  the  observa- 
tions of  Fournie,  in  the  falsetto  the  tongue  is  pressed 
strongly  backward  and  the  epiglottis  is  forced  over  the 
larynx.*  Mrs.  Emma  Seiler,  from  an  extended  series  of 
autolaryugoscopic  observations,  has  arrived  at  the  conclu- 
sion that  this  voice  involves  vibrations  of  the  fine,  thin  edges 

>  Op.  cii.,  p.  468. 
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of  the  chords  onlj,  a  greater  width  vibrating  in  the  produc- 
rion  of  the  chest-voice.  She  is  particularly  careful  to  insist 
npon  the  distinction  between  the  talsetto  and  the  liead- 
register,  tlie  latter  being  produced  by  an  entirely  different 
mechanism.*  On  the  whole,  this  explanation  seems  to  be 
the  inoet  satisfactory. 

It  mufit  he  remembered  that  the  distinction  between  the 
chest-register  or  tlie  head-register  and  the  falsetto,  as  far  as 
pitch  is  concerned,  is  not  absolute.  Certain  of  the  high 
notes  of  the  chest  or  the  head-voice,  for  example^  may  be 
produced  in  the  falsetto.  In  the  cultivation  of  the  female 
voice,  Mrs.  Seller  considers  that  it  is  exceedingly  important 
not  to  strain  the  chest-voice  to  ite  highest  point,  but  to  use 
each  register  in  its  nonnal  place  in  the  scale,  taking  care,  by 
practice,  to  render  the  transition  from  one  to  the  other  natu- 
ral and  agreeable.  We  have  heard  male  Bingers,  probably 
endowed  with  peculiar  vocal  powers,  who  were  able,  by  the 
ttse  of  the  falsetto,  to  imitate  almost  exactly  the  soprano 
voice,  though  without  the  sweetness  and  purity  of  tone  char- 
acteristic of  the  perfect  female  organ.  In  the  same  way,  by 
straining  the  chest-voice  beyond  its  normal  limits,  some  fe- 
males, particularly  contraltos,  are  able  to  produce  a  very 
good  imitation  of  the  tenor  quality. 


Head^RegiUer. — This  voice  is  highly  cultivated,  particu- 
larly in  tenors  and  in  the  best  female  singers.  It  is  not  to  be 
confounded,  however,  with  the  falsetto,  as  was  done  by  some 
physiologists,  before  the  invention  of  the  laryngoscope.' 
Head-tones  may  be  produced  by  cultivated  male  singers, 
bass  and  barytone,  as  well  as  tenor ;  but  the  former  seldom 
have  occasion  for  any  but  the  chest-notes.  Still,  there  are 
musical  passages  in  which  the  mtto-voce  head-notes  of  the 
bass  have  an  exquisite  softness,  and  are  used  with  great 
effect.    Mrs.  Seller  has  studied  this  voice  by  autolaryngo- 

>  EmiJk  Skiler,  The  V<dee  in  Sinffinff^  PMi^elpMa,  1868,  p.  66,  ft  **g. 
*  MrKLLKRj  MoMid  ds  phjftioloffie,  PAru^  186 Ip  tooM  it,  p.  199. 
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Bcopy  with  the  greatest  success^  and  has  confirmed  her 
views  with  regard  to  the  mechanism  of  its  production  by 
numerous  observations  upon  other  singers.  We  have  already 
stated  that  Foumi^  has  shown  that,  in  the  transition  to  the 
head-voice,  the  velum  palati  is  applied  to  the  base  of  the 
tongue,  and  the  sound  is  reenforced  by  resonance  from  the 
naso-pharyngeal  pavity/  If  this  be  its  mechanism,  its  study 
with  the  laryngoscope  must  be  exceedingly  difficult. 

The  most  important  theory  of  the  mechanism  of  the 
head-voice  has  been  proposed  by  Mrs.  Seller.  After  long 
and  patient  effort,  she  was  able  to  expose  the  glottis  during 
the  production  of  these  tones,  when  it  was  found  that  the 
vocal  chords  were  firmly  approximated  posteriorly,  leaving 
an  oval  opening,  with  vibrating  edges,  involving  only  one- 
half  or  one-third  of  the  vocal  ligaments.  This  orifice  con- 
tracted progressively  with  the  higher  tones.  This  peculiar 
division  of  the  vocal  ligaments  is  due,  according  to  Mrs. 
Seller,  to  the  action  of  a  muscular  bundle,  called  the  inter- 
nal thyro-arytenoid,  upon  little  cartilages,  the  cuneiform, 
extending  forward  from  the  arytenoid  cartilage,  in  the  sub- 
stance of  the  vocal  ligaments,  as  far  as  the  middle  of  the 
glottis.' 

With  proper  cultivation,  the  transition  from  the  middle  re- 
gister to  the  head-voice  in  the  female  may  be  effected  almost 
imperceptibly,  thereby  increasing  the  compass  from  three  to 
six  tones,  and  even  more ;  and  in  the  male  the  same  may  be 
accomplished  without  difliculty,  particularly  in  tenors.  There 
can  be  hardly  any  doubt  of  the  fact  that  the  naso-pharyngeal 
space  is  chiefly  concerned  in  the  resonance  that  takes  place  in 
head-tones,  though  its  actual  demonstration  is  very  difficult. 
The  distinction  between  the  head  and  the  chest-notes  is 
fully  as  marked  in  the  male  as  in  the  female ;  but  it  must  be 
remembered  that  one  of  the  great  ends  to  be  accomplished 
in  the  cultivation  of  the  human  voice  is  to  make  the  three 

*  FouRSiE,  op.  cit,,  p.  421.  •  op.  eiLy  p.  Wc 
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;isters  pass  into  each  other  so  that  they  shall  appear  aa 


one* 


MecJuinism  of  Speech. 


Articulate  language  consists  in  a  conventional  series  of 
ads  made  for  the  purpose  of  conveying  certain  ideaa. 
iere  being  no  universal  language,  we  mu^t  confine  our 
description  of  the  faculty  of  speech  to  the  mode  of  produc- 
tion of  the  language  in  wliich  thia  work  is  written.  Lan- 
guage, as  it  is  naturally  acquired,  is  purely  imitative, 
and  does  not  involve  of  necessity  the  construction  of  an 
alphabet,  with  its  combinations  into  syllables,  words?,  and 
sentences ;  but  aa  civilization  has  advanced,  we  have  been 
taught  to  associate  certain  diiferences  in  the  accuracy  and 
elegance  with  which  ideas  are  expressed,  with  the  degree  of 
development  and  cultivation  of  the  intellectual  faculties. 
Philologists  have  long  since  established  a  certain  standard, 
Tarying,  to  some  extent,  it  is  true,  "with  usage  and  the 
advance  of  knowledge,  but  still  sufficiently  deiinite,  by 
which  the  correctness  of  modes  of  expression  is  measured. 
We  do  not  propose  to  discuss  the  science  of  language,  or  to 
consider,  in  this  connection,  at  leasit,  the  peculiar  mental 
operations  concerned  in  the  exprei^sion  of  ideas,  but  to  take 
our  own  tongue  as  we  find  it,  and  describe  briefly  the 
mechanism  of  the  production  of  the  most  important  articu- 
late sounds. 

Almost  every  language  is  imperfect,  as  far  as  an  exact 
correspondence  between  its  sounds  and  written  characters  is 
concerned.  Our  own  language  is  full  of  incongruities  in 
spelling,  such  as  silent  letters  and  arbitrary  and  unmeaning 

*  In  studTing  the  roechnntHm  of  the  ?oico  in  ringing,  we  hAve  received  great 
ifsistimce  in  manj  practie&l  points  from  Mine.  Parepa-Rosa,  to  whose  remark- 
Able  power  as  a  TocaUst  we  havi,*  already  Htliided^  and  Big.  A.  Beadelart,  of  this 
city,  the  emment  ainging-iiQagter,  Tht'se  dUtiaguiehed  «rti8fi».  thoroiigbly 
gktlled  both  in  tlie  fleienci*  as  wojl  as  the  urt  of  muaio*  hare  elufidnled  several 
difficult  qnc!<tions,  bv  their  practical  knowledge  of  the  art  of  blending  and  modi- 
fying the  di^'erent  vocal  regisieri. 
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variations  in  pronunciation ;  but  these  do  not  belong  to  the 
subject  of  physiology.  There  are,  however,  certain  natural 
divisions  of  the  sounds  as  expressed  by  the  letters  of  the 
alphabet. 

Vowds. — Certain  articulate  sounds  are  called  vowel,  or 
vocal,  from  the  fact  that  they  are  produced  by  the  vocal 
chords,  and  are  but  slightly  modified  as  they  pass  out  of  the 
mouth.  The  true  vowels,  a,  e,  i,  o,  u,  can  all  be  sounded 
alone,  and  may  be  prolonged  in  expiration.  These  are  the 
sounds  chiefly  employed  in  singing.  The  differences  in 
their  characters  are  produced  by  changes  in  the  position  of 
the  tongue,  mouth,  and  lips.  The  vowel-sounds  are  neces- 
sary to  the  formation  of  a  syllable,  and  although  they  are 
generally  modified  in  speech  by  consonants,  each  one  may, 
of  itself,  form  a  syllable  or  a  word.  In  the  construction  of 
syllables  and  words,  the  vowels  have  many  different  quali- 
ties, the  chief  differences  being  as  they  are  made  long  or 
short.  In  addition  to  the  modifications  in  the  vowel-sounds 
by  consonants,  two  or  three  may  be  combined  so  as  to  be 
pronounced  by  a  single  vocal  effort,  when  they  are  called 
res])ectively,  diphthongs  and  triphthongs.  In  the  proper 
diphthongs,  as  oi,  in  voice,  the  two  vowels  are  sounded.  In 
the  improper  diphthongs,  as  ea,  in  heat,  and  in  the  Latin 
diphthongs,  as  ae,  in  Caesar,  one  of  the  vowels  is  silent.  In 
triphthongs,  as  eau,  in  beauty,  only  one  vowel  is  sounded. 
Y,  at  the  beginning  of  words,  is  usually  pronounced  as  a  con- 
sonant ;  but  iu  other  situations  it  is  pronounced  as  e  or  i. 

Consonants, — Some  of  the  consonants  have  no  sound  in 
themselves,  and  only  serve  to  modify  vowel-sounds.  These 
are  called  mutes.  Tliey  are  b,  d,  k,  p,  t,  and  c  and  g  hard 
Their  office  in  the  formation  of  syllables  is  sufficiently 
apparent. 

The  consonants  known  as  semi-vowels  are,  f,  1,  m,  n,  r, 
s,  and  c  and  g  soft.     These  have  an  imperfect  sound  of 
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B,  approaching  in  character  the  true  vowel-sounds. 
Some  of  these,  1,  m,  n,  and  r,  from  the  facility  with  which 
they  flow  into  other  Bounds,  are  called  liquids.  Orthoepiats 
have  farther  divided  the  consonants  with  reference  to  the 
mechanism  of  their  pronunciation ;  d,  j,  s,  t,  z,  and  g  soft, 
being  pronounced  with  the  tongue  against  the  teethj  are 
called  dentals ;  d,  g,  j,  k^  1,  n,  and  q  are  called  palatals ;  b, 
p,  f,  V,  and  m  are  called  labials ;  m*  n,  and  ng  are  called 
nasals ;  and  k,  q,  and  c  and  g  hard  are  called  gutturak*^ 
After  the  full  description  we  have  given  of  the  voice,  it  is 
not  necessary  to  di&cuss  farther  the  mechanism  of  these  sim- 
ple acts  of  articulation. 

For  the  easy  and  proper  production  of  articulate  sounds, 
absolute  integrity  of  the  mouth,  teeth,  lips,  tongue,  and 
palate  is  required.  We  are  all  acquainted  with  the  modifi- 
cations in  articulation,  in  persons  in  whom  the  nasal  cavities 
resound  unnaturally,  from  imperfection  of  the  palate;  and 
the  elight  peculiarities  observed  after  loss  of  the  teeth  and 
in  hare-lip  are  sufficiently  familiar.  The  tongue  is  gen- 
erally regarded,  also,  aa  an  important  organ  of  speech,  and 
this  is  the  fact  in  the  great  majority  of  cases ;  but  instances 
are  on  record  in  which  distinct  articulation  lias  been  pre- 
served after  complete  destruction  uf  this  organ/  These 
fsaaee,  however,  are  unusual,  and  do  not  invalidate  the  great 
importance  of  the  tongue  in  ordinary  speech. 

It  is  thus  seen  that  speech  consists  essentially  in  a  modi- 
fication of  the  vocal  sounds  by  the  accessory  organs,  or  parts  ^ 
situated  above  the  larynx ;  the  latter  being  the  true  vocal  in- 
Btrument.  While  the  peculiarities  of  pronunciation  in  differ- 
ent persons  and  the  difficulty  of  acquiring  foreign  languages 
after  the  habits  of  speech  have  been  formed  show  that  the 


'  WoRCKSTER,  Dietionnry  of  the  En^lUh  Language^  Boston,  1864,  p.  ivii. 

•  Numerous  in^itancefi  of  preservailou,  more  or  less  complete,  of^he  facuUy 
of  speech  after  loss  of  the  totigue,  are  quoted  In  worka  on  phyBiotogj^  among 
the  moit  refnarltable  of  which  are  those  referred  to  by  Br.  Elliotson  (Hwnan 
Phymolo^,  London,  1840,  p.  507). 
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organs  of  articulation  mnst  perform  their  function  with  great 
accuracy,  their  movements  are  simple,  and  vary  with  tlie 
peculiarities  of  different  languages.  The  most  interesting 
question,  in  its  general  physiological  relations,  is  that  to 
which  the  greatest  part  of  this  chapter  has  been  devoted; 
and  that  is  the  mechanism  of  the  production  of  the  voice. 
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vesicles  of, * 79 

Margarine  in  milk, 96 

Marrow  of  the  bones, 488 

generation   of   bony    tis^e 

from,  bv  transplantation, 485 

MeduHoceiU,. 483 

Meibomian  glands, 62 

aecretion, , 70 

Mezzo-«oprano  voice, 504 

Middle    register    of    the    female 

voice, -  - .  * 609 

MOk,  mechanism  of  the  secretion 

of .,     80 

disappeo ranee  of  epithelium 

duHug  tbe  secretion  of,. ..... .     82 

-^^^  proper  diet  during  lactation,  83 
influence  of  liquid  lugesta 

upon  tbe  secretion  of, $4 

-' —  influence  of  alcohol  upon  the 

accretion  of^, ,  * 84 

elimination  of  foreign   8Ub> 

stances  in,. «•..**..     85 

influence  of  mental  emotions 

upon  tbe  secretion  of, 65 

■^  Influence  of  the  nervous  sys- 
tem upon  tbe  secretion  of,.. . . .     86 

quiiniity  of, .*.....     86 

general  properties  of, 88 

specific  gravity  of, 88 

reaction  of,. . .' 68 

coagulation  of, 89,  95 

separation  of  the  cream  from,     89 

tnicpoftcopical  characters  of,     89 

compoi^ition  of, .......... .     98 

nitrogenixed  constituents  of,     94 

albumen  of,.. 95 

oon^trogcnhsed  constituents 

of, 96 

sugar  of, 97 

inorganic  constituents  of, . , ,     97 
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Milk,gueflof, 98 

TMriattonB  in  the  composition 

of; 98 

composition  ot,  at  different 

periods  of  lactation, 99 

influence    of    menstruation 

and  pregnancy  upon  the  com- 
position of, 100 

comparatire  composition  of; 

in  fair  and  darlc  women,  and  in 
different  races, 100 

-^—  influence  of  the  quantity  se- 
creted upon  the  composition  of,  102 

secretion  of,  in  the  newly. 

born, 106 

Milk-globules, 90 

Movements,  general  considerations 
of, 486 

of  amorphous  contractile  sub- 
stance (amoeboid  movements). .  487 

of  cilia, 488 

due  to  elasticity, 442 

muscular, 445 

Mucous  membranes,  anatomical  di- 
Tision  of, 46 

eeneral  anatomy  of, 47 

follicular      and      racemose 

glands  of, 48 

of  the  bladder,  ureters,  and 

pelvis  of  the  kidney, 49 

— —  action  of,  in  resisting  the  ab- 
sorption of  venoms, 67 

MucuH,  mechanism  of  the  secre- 
tion of, 49 

goneral  properties  of, 61 

—  niicroflcopical  characters  of,     62 

composition  of, 62 

nasttl,  composition  of, 68 

—  bronelual  and  pulmonary, 
composition  of, 64 

seoroted  by  the  mucous  mem- 
brane of  the  alimentary  canal, .     64 

—  from  the  urinary  passages,  66,  217 

from  the  generative  passages,     66 

conjunctival, 66 

general  function  of, 56 

in  the  urine, 217 

Muscles,  involuntary,  anatomy  of,  446 

action  of, 448 

voluntary,  anatomy  of, 449 

■ primitive  fasciculi  of, 460 

sarcolcmiTta  of, 451 

lil)riUji?  ot; 451 

• sarcous  clcmonts  of, 452 

fibrous  and  adipose  tissue  in,  453 

perimysium  of, 454 
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Muscles,  connectiTe  tissue  of, ... .  464 

blood-Tessds  and  lymphatics 

of; 456 

connection  of;  with  the  ten- 
dons,.  457 

chemical  composition  of;. . .  467 

physiological  prrperties  o^.  468 

elasticity  of, 459 

tonicity  of, 460 

sensibility  of, 460 

contractility,  or  irritatjility  of,  461 

persistence  of  eontrmctility  in, 

after  death, 462 

distinction  between  muscular 

and  nervous  irritability, 468 

influence  of  woorara  upon 

the  irritability  of  the  nerves  of,  464 

■  influence  of  sulphocyanide 
of  potassium  npon  the  contrac- 
tiUtyof, 465 

influence  of  the  nervous  sys- 
tem upon  the  irritability  of,. . .  466 

influence  of  the  circulation 

upon  the  irritability  of, 466 

restoration  of  the  contractil- 
ity of,  by  injection  of  blood,. . .  467 

contraction  of,. 468 

shortening  and  hardening  at 

thefibresof, 469 

^—  no  variation  in  the  absolute 
volume  of,  during  contraction, .  469 

changes  in  the  form  of  the 

fibres  of,  during  contraction,. . .  470 

■  contraction  of,  excited  by 
electricity  applied  to  the  nerve,  470 

single  contraction  of  (spasm),  471 

period  of  a  single  contrac- 
tion and  relaxation  of, 472 

—  mechanism  of  prolonged  con- 
traction of  (tetanus), 474 

sound  produced  by  contrac- 
tion of, 475 

fatigue  of, 476 

electric  phenomena  in, 476 

Muscular  effort, 477 

Musculine, 458 

Myeloplaxes, 484 

Myolemma, 451 

Myosine, 458 

Nails,  anatomy  of, 118 

connections  of,  with  the  epi- 
dermis,   120 

growth  of, 120 

Nerves,    motor    nerves    of     the 

glands, 31 
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KcrvouB  flystem,  iofluence  ofj  upon 

iecretion,.. 24,  28 

■  ejccilo-ftecretory, 29 

mtlucnee  of,  upon  nutriticm, .  888 

Ntmrine,  syntheAiB  uf, 195 

Nitriigen  In  the  urine, . , , 218 

Nitrogeiiized  principle«|  office  of, 

in  dutritioo,. * 373 

Noil -ni tropin  Lzed  pnnciples,  office 

of,  in  nutrition,- , 378 

Nutrition,  geneml  ron.«idcnitionB^  ^66 

office  of  principlt'3  (inorgan- 

k)  that  pii*s  through  th«j  orgnu- 

ism,... \,,  871 

office  €»f  principles  consumed 

in  the  orgauiBm, 373 

—  office  of  nltrogcuiz^d  priuci- 

plesiu, 873 

effects  of  siptematlc  diet  and 

excreiflc  upon, , 374 

"^—  office    of    non-nitrogtnized 

principle**  in, 378 

infliienee  of  the  nervous  sys- 
tem upon, 888 

infltiencc  of  exercise  upon, .  888 
in^uenee  of  age  upon, 890 


teine,  in  tnilk, » , ,  *     90 

Oialatc  of  lini*^,  in  the  urine,. , , ,  208 
Oxygen^  in  the  urine, ».*«,«  218 

Parotid  gUnd^  motor  nerve  of,. . .     32 

Pericardiiil  secretion, 42 

Perimysium, 4M 

Periosteum,. 485 

f^cnemtion   of   bony    tissue 

from,  by  bansplnnUtion, 486 

Perituneal  secretion, ,  * »     44 

Perspirntion  (j*cc  sweat }, 181 

cffeeta  of  covering  the  entire 
flurfftce   with   an    impermeable 

coating, , , 1 32 

inkofer^a  teat  for  bile, 275 

Lonation  (gee  Toiee),  .  — 490 

movement-8  of  the  glottis  in,.  499 
PbosphateiS  in  the  urine,.. .......  213 

^-^  derivation  of, 214 

inlluence  of  food  upon  the 

ellmtuation  of,. 214 

comparative  proportion  of,  in 

the  carnivora  and  the  herbivora,  214 
■^—  connection  of  climinution  of, 
with  dit^a^eimilation  of  the  ner- 
vous tisane,.. 216,  281 

variationa  in  the  elimination 

oE,. »1« 
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Pboaphatea,  daily  elimination  of;,  216 

Picromel, 262 

Pineal  gland, 865 

Pituitary  body, •  364 

Pleural  aecretiou, 44 

Portal  vein  (see  liver), 235 

secretion  of  bUe  after  oblit- 

emtion  of, 253 

ProUipIaam, 868,  437 

Purpurine, 21? 

Sarcode,  movements  of,...,*.,-.  437 

S4ircolemma,., ,,........ 461 

Sarcous  elements, , , , . .  462 

Sebaeeoua  fluids,  vnrietiea  of, . ...      67 
Bebaceoua  glands,  etrueture  of,.. .     68 
-"  coanection  of^  with  the  hair- 
follicles, 68 

Sebaceous  matter,. 63 

microscopical  appearancea  of,    64 

composition  ot^ 65 

jfebum, . . , 68 

Secreting  organs^  general  a  true* 
tare  of, 83 

—  classification  of^.. .........     86 

Secreting  membranea, 35 

Secretion,  condition  of  the  circula- 
tion in,. , 20 

intermittent  character  of,.. .     22 

action  of  the  nerves  in,.. .  24,  28 

— -  inQuence  of  the  composition 

of  the  blood  upoUt.. 27 

influence  of   blood-presatire 

tipon, 27 

irtodlficaUona  of  iheinBuence 

of  pressure,  through  the  nervef,     28 

—  eicito-secretory    system    of 
nerves .,...-'• 29 

reflex  action  in,..  ....,♦,. .     82 

influence    of    pain,    mental 

emotions,  etc.,  upon, 33 

distinction    from    tnuisuda* 

tion, . .     84 

Secretions,     general      considers- 

tions, , .,     18 

rvlationa  of,  to  nutrition,. . .     14 

~^— definition  of,. 14 

divirfion  of, , , . ,     16 

distinction  from  excretions,.     16 

fluids    produced    by  simple 

transudation,  sometimes  called 

secretions^ 17 

mechanb^m  of  the  prodtiction 

of,.. 18,22,28 

actioti  of  epithelium  in  the 

production  of, ,.     18 
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SeeratioiiiY  fonn&tioii  of  chamc- 

lerifltie  elemefita  of, . , , 10 

elimination  of  foreiga  aub- 

6taDoe«  in^ 27 

classifloatiou  of^ 37 

SemiTowels, , . . , 514 

8eroiifl  membraDes,..  .»«••••... .     39 

—  structure  of, 40 

Seroufi  secretions,. 43,  44 

SUioic  ftcid,  in  the  urine, 216 

Skin,  geoerml  function  of, 110 

^—  ge&er&l  tppt^Jiraiice  of,. . , , ,   111 
^—  extent  and  thickoesa  of^, . . .  112 

liyereof, 113 

musdes  of, 113 

true  akin,  or  corium^.....,  114 

contmction   of   noD-^trintcd 

moflclee  in  the  sjuhmtjinee  of^. . ,   114 

—  reticulatc'd  layor  of,. , , » , . .   114 

pa]>iU&rj  lajer  of, ,   llfl 

— —  cpidermia    of   (»ee    epider- 

mia), 116 

-^  eflbcta  of  ooverinf^  the  entire 
iurface  witb   an    Impermeable 

coating, 182 

<»- —  amount  of  eihatation  from, 

ia»,43S 
-^^  didcolorattoD  of,  accompanj- 
ing  diaorganiiatioti  of  the  supra- 

renal  capcnleflf 354 

Smegma  proputiale^ ,  *     66 

of  labia  minora, , .     60 

Soprano  toicc, 504 

Speech,  mecbanisni  of, 518 

action  of  the  tongue  in,. , . .  515 

Spleen,  anatomy  of, 382 

eapsule  of  Malpighi, 384 

—  fibrous  atnicture  of  (trmbecu* 
!»)».... 836 

Malpighian  corpuscles  of, . . .  835 

blood  -  corpuscle-  containing 

cells  o^ 838 

—  Tesieli  and  nerves  of, 830 

chemical  constitution  of,. ».  341 

functions  of,, . , , , 841 

increase  of  the  white  corpus- 
cles of  the  blood  in,. 342 

*—  diminution  of  the  red  oorpua- 
cles  of  the  blood  in, 343 

* rariationa  in  the  Tolume  of, 

dnrinji  life, 848 

^^  eitirpatlon  of, 345 

—  action  of,  mb  a  dircrticulum 

for  the  blood, 844 

— ^  ▼nnieity  m  animals  after  ex- 
tliptttbnof, ,,..   846 


Spleen^  ferocity  m  animals  afief 

extirpation  of, SIT 

Splem-pulp, $3T 

Sterconne  in  the  fa^cea, 291 

Submaxillary  gland,  difference  in 
the  color  of  the  blood  in  the  ar- 
tery and  Tcin  of* ♦ 20 

motor  nerre  of,,  .*.♦.,*.,,    81 

Sudoric  aetd». •  141 

Sudonpartma  gkndf,  atutomjr  q(^  134 

length  of  coil  of, 187 

Sugar,  prodacllon  of,  in  the  lirer,  29} 

prooeas  for  the  delennina- 

tion  of,  in  the  Hrer  and  hl<K>d,.  800 

Fehling's  test  for, 301 

BarreawU's  teat  for,.  ...-.*  302 

examination  of  the  blood  of 

the  portal  aystem  for,. ..«...,  30t 
—>  examination  of  the  btoo*l  of 

the  hepatic  vdns  for, , .  30A 

exatnitiution    of   the    blood 

from  the  right  heart  for,. .. ...  804 

characteristicd  of  aogar  pro- 
duced by  the  liver, ..*....  315 

mechanUra  of  production  d^  816 

— —  effects  of  inhalation  of  irriiat- 

mg  rapors  on  the  prorluctioD  ol^  337 
iufluetice  of  the  nerrous  sys- 
tem on  the  product  ion  of, 321 

deatination  of,  in  the  eeoo- 

omy, 3S3 

office  of,  in  nutrition,. . . . , «  373 

Sugar  of  milk,..-.. W 

Sulphates,  in  the  uriiie^ 218 

Sulphoeyanide  of  potassium,  ui> 
duenee  of,  upon  the  masclea,. .  465 

Suprarenal  capsules, 319 

structure  of, 380 

Teasels  and  nerves  nC 853 

chemical  reactions  of, 853 

functions  of,  ..... , *  854 

discoloration  of  the  »km  ae<^ 

companying  dis(MgMiixation  o(^  354 

—^  extirpation  o^ , .  354 

Sweat,  mechanism  of  the  secre- 
tion of,.  ,..•,, ♦ 13t 

influence  of  the  nervona  sys* 

tern  on  the  aecretioo  of, 188 

quantity  of, 139 

general  properties  of, 140 

composition  of, 141 

pecullantieB    of,  in    oertalii 

parts, , 143 

urea  in,..  ««....*.,•••,.. .  143 

Sympexions,.  .,•,.....•••••  33fQ,  M 
Synorial  membFaaea,.  .•*»••.••«    40 
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Synovial  fringes, 42 

Synovial  fluid, 44 

composition  of, 46 

Taurine, 265 

Tnurocholate  of  soda, 263 

Taurocholic  acid, 265 

Tendons,  connection  of,  with  mus- 
cles,    45Y 

Tenor  voice, . .  .^ 5(>4 

Thymus  gland, 361 

Thyro-arytenoid  muscles, 494,  496 

Thyroid  gland, 359 

structure  of, 860 

functions  of, 861 

Tongue,  action  of,  in  phonation, . .  608 

action  of,  in  speech,.  ...*...  616 

Trachea,  action  of,  in  phona- 
tion,  : 607 

Training, 874 

Transudation,  distinction  from  se- 
cretion,    34 

Trigone, 181 

Triphthong?, 614 

Tunica  vaginalis,  secretion  of,. . .  44 

tTrates,  formation  of, 202 

Urea,  accumulation  of,  in  the  cir- 
culation, after  removal  of  the 
kidneys, 26,  163 

proportion  of,  in  the  renal 

artery  and  renal  vein, 164 

'  presence  of,  in  the  lymph 
and  chyle, 164 

—  presence  of,  in  the  blood, 
after  tying  both  ureters, 167 

■  situations  of,  in  the  economy,  194 

■  chemical  formula  of, 195 

■  synthesis  of, 196 

change  of,  into  carbonate  of 

ammonia, 195 

—  crystals  of, 196 

origin  of, 196 

alleged   formation  of,   from 

other  excrementitious  matters,  199 

—  daily  elimination  of, 200 

—  influence  of  muscular  exer- 
cise upon  the  elimination  of, . . .  226 

Ureters,  mucous  membrane  of,  49,  178 

—  anatomy  of, 178 

■  movements  of,  on  the  appli- 
cation of  galvanism, 182 

Urethra^ 182 

Uric  acid,  compounds  of,  in  the 

urine, 200 

101 
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Uric  acid,  daily  elimination  of, . . .  202 
Urina  potus,  urina  cibi,  and  urina 

sanguinis, 224 

Urinary  passages,  anatomy  of,. . .   178 
Urine,  mechanism  of  the  formation 

of, 162 

influence  of  i^antal  emotions 

on  the  secretion  of, 172 

influence  of  blood-pressure 

on  the  secretion  of, 172 

influence  of  specml  nerves 

on  the  secretion  of, 173 

effects  of  irritation   of  the 

floor  of  the  fourth  ventricle  up- 
on the  secretion  of, 17-^ 

arrest  of  the  secretion  of,  by 

division  of  the  spinal  coi-d,. ...  173 

effects  of  division  of  all  the 

nerves  of  the  kidney  on  the  se- 
cretion of, 174 

passage  of  foreign  matters 

.    from  the  blood, 176 

constant  fonnation  of,  ....   176 

alternation  in  the  secretion 

of,  on  the  two  sides, 176 

mechanism  of  the  dificharge 

of, 182 

general  properties  of, 187 

temperature  of, 188 

quantity  of, 188 

specific  gravity  of, 189 

reaction  of, 189 

cause  of  acidity  of, 191 

composition  of, 191 

urea  of  (see  urea), 194 

urates  of, 200 

hippurates  of, 202 

lactates  of, 204 

inosates  of, 204 

creatine  and  creatinine  of,. .  204 

oxalate  of  lime  of, 208 

xanthine  of, 209 

fatty  matter  of, 210 

inorganic  constituents  of,..  210 

chlorides  of, 211 

sulphates  of, 218 

phosphates  of, 218 

silicic  acid  of, 216 

coloring  matter  and  mucus 

of, 217 

gases  of, 218- 

variations  in  the  composition 

of, ^ 219 

variations  of,  with  age  and 

sex, 220 

composition  of,  in  the  foetus,  221 
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Urine,  Tariations  of,  at  different 
seasons,  and  at  different  periods 
oftheday, 222 

variations  of^  with  food,. . . .  228 

influence  of  muscular  exer- 
cise upon  the  composition  of, . .  226 

influence  of  mental  exertion 

upon  the  composition  of, 229 

Urrosadne,  urochrome,  urobsoma- 
tine,  uroxanthine, 21Y 

Uvula,  action  of,  in  phonation,...  608 

Velum  palati,  action  of,  in  phona- 

tion, 608 

Venoms,  non-absorption    of,    by 

mucous  membranes, 67 

Veriieyn,  stars  of, 169 

Vemix  caseosa, 67 

— ^  composition  o^ 67 

microscopical  characters  of, .     68 

function  of, 68 

Vocal  chords, 492 

appearance  of,  during  phona- 
tion,  499 
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Vocal  organs,  physiological  anato- 
my of, 491 

Voice, 490 

mechanism  of  the  produc- 
tion of, 491 

characters  o(  in  childhood,.  (OS 

range  oi, 603,604 

diffin^nt  kinds  of, 604 

action  of  the  intrinsic  mus- 
cles of  the  larynx  in, 606 

—  action  of  Uie  aooessory  or- 
gans in, 60? 

action  of  the  trachea  in,. .  •  607 

action  of  the  epiglottis  in,. .  607 

action  of  the  rdom  palati  in,  608 

action  of  the  umla  in, 608 

ac^on  of  the  tongae  in,. ...  608 

mechanism  of  the  diflbrent 

registers  of, 609 

Vowels, •. 614 

Woorara,  influence  of^  upon  the 
motor  nenres, 464 

Xanthine,  in  the  urine, 209 
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Tliis  vnlunif,  by  Dr.  BUloi,  it  baMd  D(K>n  a  Urge  eTp^rieticc,  ioGladtag  foQrte««l 
jesri  of  serrice  in  tbe  Ijing-io  deparime&t  of  Bellenie  Bospitol  of  this  city.  Tllt| 
book  b&i  Attracted  marked  att«ntioD,  and  has  elicited  from  tbe  medical  preMc  botkl 
of  thla  oountiy  aod  Europe,  tbe  most  flattering  commend  at  iona.  It  U  jastlj  b^-j 
tiered  tbat  the  work  is  one  of  the  most  Tftlaablo  contnbtition«  to  obstetric  Utenatort  j 
that  has  appeared  for  maoj  jeors,  and,  being  emineotlx  practical  in  its  clianeieri  { 
cannot  fail  to  be  of  great  Bervice  to  obstetricians. 

**  Ttip  voltTTTiit  hy  n?  EUlol  h*i>  ■r»rffl{T  leps  ralne.  altboacb  In  a  different  dlrectton,  this 
tJist  r  r^^     r-^  - .  _  L  .V.  :  4.,    r..  r>  .„^g^  M4aimrchitinOb»ittrkt).    TUo  roaterlaJ»  a>i>- 

(irlKl  i  UroQifh  a  ferrlce  of  n>arteeii  yeara  in  the  Relleme  i 

Iot-]>  iirblch  time  tbe  author  bjut  hevn  eniLrai^eMl  In  clioti  | 

cal  tcw-4ui  I  I  a  haod*Oim'*  -  ' '"  •  *"'''^  Wtbfiily  tbeanx- 

letleeand'  '  Aitl^oet  «i  h  are  iot«oaiablt| 

from  tbe  r«-  -a  line  of  v  iir  dimcaUioiw  <^  \ 

maml-*'^'  '"•*  -kill,  aua  ^.i- pv^^i  v  u->.iin£proo]pUjroiill 

fud!  appears  to  bo  opernilve  midwlranr;  ba" 

t  hti  >  I  ^jgnancj.  anl^partam  hmoorrhai^  the  It 

iJucri  )  coinpn?4BioD  ofthe  fhni-  "-^'^  -if  ->..*^^<", 

ofci  .' ahJe  to  ftjpeak  po  favor. 

▼(»! u I  .r ifcfi  a  pu pU  At  the Dubl ii i  i 

wheal..     ..  ,.  -  .^    .„  .       .  -.,-    .^  -iutypiiy  tbat  his  teachtnjfft  ..„^_.  ^ ,..t 

upop  hit*  Aku*  ^\a\kt:  —LtitktUjftk  Latti.yi^  April  11,  It^Ja. 

**  Thic  n>av  N»  *f*S*i  f^  >««k»Tie  t"  ft  rbie«  of  honk«  *  After  the  practUlot»er'«  otrt»  hf«rt.*   In 

thera  ho  fln  ^       ->  >  -  -  '  ^ —  -  ....  «  ^  his  obftervati- 

In  them  hi'  npntvemeii 

find*  f  he  c  lo  Je«'pe*t  n . 

may  flocJcotirwi  L  i..-i  ..-..■... 

CAflt  a  ebadow  ori 
fimilitr ^^n^^s  \n\\ 

**Tlif're  are  oh;  .,,„. 
herwdonihe  Injurs  of  m 
eace  n»  U*  extt-nd  to  th 

We  do  thus  welcom.^  ii  ,,  .  .  . ...       ..  ,.    ..  .  ^,, 

ability,  and  high  ] 
mndaaan  bonorri 
Medkal  &$mct,  Ai:    , 

**  Ai  the  book  novr  stAndsi,  ft  U  tnTalnablc  for  the  practitioner  or  ob^te'trlcf ,  for  lie  irlU 
hanHly  erer  Id  prairUcc  And  himaelf  in  a  ttght  place,  tht*  counterp«rt  of  which  be  will  tt<4 
And  !n  Dr.  Elliot'e  b<Mik.''— .Vew  Fork  Medkai  Jaurnai^  Febniary,  1^''~ 

"The  book  has  tbe  fire»hnes»  of  boapltal  practice  thronfibool,  i 
pathology,  iborapeutlcal  and  operaii re  proceed ini,*^.    It  will  be  d  . 
amount  of  valuable  lorurmatlon  tu  the  aepartment  of  obetetrlce.  Id  an  attrici 
style,  aocordlug  to  the  mo^t  raoderu  and  improv«d  riews  of  the  profession/ 
Latwitand  Ofmre^r.  April,  ISOa, 

*'  As  a  vrhole,  we  know  of  no  similar  work  which  baa  laaned  from  the  American  [irc*«, 
which  can  be  compared  with  it.  It  oofht  to  be  in  the  handa  of  every  prmctJLiou^  ut  laiii 
wlfery  In  the  country."— ftoiftw  M*4km  and  Swgieat  Journal. 

**One  of  tbe  m«>»t  auractlre  a*  well  ae  foreibly  Inttmetlve  works  we  bare  had  the 
pldaanre  of  reading,  in  ronclovion,  we  recommend  ft  at  one  hartni;  no  equal  1  n  tbe  Bittttib 
langtiat>;e,  at  rej^^ardL^  cUnicAl  iuHtraciion  In  obatetrica.^'— Jm.  Jour,  nf  ou/^fri,'%.  An  r    1»ml 

Many  Hpe.  elderly  prmctlttoncra  migbt,  bnt  few  .\ 
l^lsbed  by  oindor,  wjitit  of  prejudice,  kindly  feeling, ;- 

ertidltion.    Whik' we  do  not  say  the  book  iii  ftoJtle^a,  w     r,  i 

uhfftetrical  lU«!ratiire  tbat  f  iirpaevtia  thia  <mc.    •    »    ♦    •     j  , 

bit  firat-bom  book  or  volume,  and  ahDwi}  bovr  flue  opportnni ; 
raeHoipital,  for  arqulrinir  experience,  and  how  dlli^^i '  i  v  i 
Bnt  bla  book  ahowe  much  more.    It  la  the  work  of  a  pt 
cation  m  which  ibstetrSc  autliora  are  often  defldent'  1 
of  hand  mrelv  N..taiQi3d  by  bo  jonng  a  man.^' — BdMitrg.. 


to  our  national  medical  literature.  —*l/i^ 


D,  APPLWrON  d:  COJS  PUBLICATIONS, 


THE   PHYSIOLOGY 


PATHOLOGY  OF  THE  MIND. 

JBy  H^^RY   MvVCJr»SJL,I[:Y,   M.  D.,   London. 
1  Tolome,  8to.     CIoUl     Prloe^  $3. 


CsAi-fsm 


Part  I.— Tbe  Phjilologjr  of  the  Mind. 

I.  Oo  tb«  Metbr»d  of  the  Study  of  tht  U\nd. 

%  The  Mind  %aA  the  NerYon«t  Systefm. 

R,  Tho  Spfnal  Cord,  or  Tertiary  Xervoiu  Oe&tre« ;  or,  Nerrira*  Cttntres  of  Reflex  AqUoil 

4  ^ocondAfj  Nf-rvout  C^rntrvs;  or  Bttosory  OsogHa;  Seniorltini  Commitfle. 

&  HeiQtapbc>H«4)  Oiiiijfllai  Cortical  Oils  of   th«i  C«rebml  Hooif Rpber»« :    fduiittoiM] 

Nerroni  Oentret ;  PriioaJ7  Nerroot  C«ntree;  Intelleetofrlnm  Coinmnne. 
8v  Tb9  Emailonj. 
t  Tolhlon. 

^  ^lotor  Kenrotn  Oentres,  nr  MoUaHam  Oommnne  &ii4  Actttatloa  or  Etftelion. 
9.  McoKiry  tfid  IroiurlnBtlcii. 


Part  II,*-The  PatlialoirF  of  the  MlDd, 


I 

■   OiJJTSK  L  On  tho  CaHves  of  InMntty.  i      rnirrcft  4.  On  tb«  Patbolcvy  of  Insanttj. 

H  o        1  Oq  tli<>  Innnlty  of  Knrly  LIfSi  ''        &  On  the  Dto^oals  of  Itisuilfy. 

H  *        8.  On  the  VnHvtiei  of  Inanutty.  |  "*        S.  On  ll]«  PrognoikU  of  InMolty. 

^^^^^  CitAmEE  T.  (ha  th^  Tr?tTmcnt  of  iDBanttr. 

f  "The  first  paft  of  this  work  mijr  be  <*onfi1<lcred  u  embodying  the  inosl  aciTanced 
exprw^mn  of  tho  n^w  school  in  phyglologiaul  pflyohologr,  which  hni  arisen  In 
£tirope,  and  of  which  Bain^  Spencer,  Leycooh,  and  Carpenter,  are  th«  more  eminent 
KngHsh  reprweotaliTes/* — ff^me  Journal 

**  The  author  h.iB  profc^ionaUy  studied  all  the  TarietleB  of  inaanityt  und  the 
•eiyen  chaptera  he  devotes  to  the  subject  are  invahiable  to  the  phyfiician,  and  fUfl  of 
Imnoftant  suggestions  to  the  mciaphysrclan." — Boston  Tranaai^pi. 

**  Tn  the  recital  of  the  cause)  of  insanity^  bb  found  in  peculiaritiefl  of  cmlitatiOBi  of 
r<»Ugioti,  of  age,  sei,  condition,  and  particularly  In  the  engroesing  piirfiuit  of  weiilth, 
this  caltn,  identfflo  work  haa  the  solemnky  of  a  hrjudred  aermons ;  and  nfler  going 
down  into  this  exploration  of  the  mysteries  of  our  being,  we  Bball  come  up  into 

E  again  chastened,  thoughtful,  and  feeling,  perhaps^  as  we  never  felt  before^ 
lUy  and  wondcrfiillj  we  are  made." — Ev^ing  GoMeiU. 


/>.  APFLETOK  <fr  CO:S  MEDIC AL  PUBLICATIONS. 


Letterman — Medical    Recollections  of 
the  Army  of  the  Potomac. 

By  JoxATUAN  Lkttebman,  M.  D,,  late  Surgeon  U.  S.  ArmT, 
and  Medical  Director  of  the  Army  of  the  Potomac.  1  t  oL, 
8vo,  pp.  104 Cloth,  $2.00 

"SaifeOD  Loltemuui  lui  succeed  pd  In  glrlog  m  wtxj  liit«re»tiiig«  not  to  m?  AMCltistSBi  * 
boDlc.    He  writes  In  ■  pef»plciiuu»,  e)vfrAnx  style,  sod  we  reDUire  to  lAseft  thst  oat  few  Vbo 

XI  hit  volaioe  of  medics]  shhaIh,  preuusnt  at  they  utt  iiiUi  iDstmctLoo,  wtB  cut  to  d» 
rwliethsD  fljiUb  tbeia  s^t  s  Hittlog/ —  JI/«fka/.S«ODrt^. 

"  The  wbol«  book  (whkii  may  be  «3oitBiderod  ft  gmxtul  md  iffeetlonftte  trfbnte  lo  Ibe  nil 
And  sbillty  of  tJse  mftny  who  *  erliioed  tbeir  deTotloo  to  tbctr  ooontry  snd  to  tb«  cftQ*eof 
bomsnUy  wKhoat  hope  of  proflnnttoti  or  erptsclstlon  of  nwsrd  *)  Is  written  lo  a  plessluc 
Style,  juid  vciU  awaken  many  kindly  asBodatlotis  is  the  tQetnoritf  of  iboewi  who  stismd  irila 
oar  autbur  ih<  "       '  -...,.    ..    ._        -  ..     ^  .         _  ...     .»„.,- 


tmr  auibur  the  rAi^ln^  fortuoes  oT  \ht  'dear  old  Amy  of  tb«  IVtociac.'  "^X  J\ 


Davis — Conservative  Surgery^ 

Conservative  Surgery  as  eithibited  in  ttittedytng  scnue  of  lAl 
Mechanical  Causes  that  operate  %7ijuriously  both  in  JlraUkX 
and  Disease.     By  IIjlijbt  G»  Davis,  Ai.  D,     Elegantly] 
printed  on  tinted  paper  and  handsomely  illiistrated. 

vol,  8vo,  pp.  314.    .      .      -      .      .       Cloth,  la.oal 

Dr,  DsTis  bsa  e^jcd  rare  fbdlltlee  for  the  fttnay  and  treatoieot  ei  certain  clasMa  «f  \ 
dtseue,  sod  to  this  line  has  Bchieved  a  weU-deserrod  repntaUoo.    The  now  appvOVft 
methods  of  treaUng  of  hip-Joint  disease  are  sll  based  vpoo  Dr.  DstIs's  method  and  appllaaoM, 
lo  this  Tolome  be  brtoga  togetbar  the  retail  of  his  ezperteooe,  uid  haa  made  a  book  b0(ll 
InicreitiQ^  and  valnable  to  the  Snzc^oii. 

**Dr.  DaviiL.  brlnffi^  as  he  does  to  bis  Kpeclslty  a  great  apiltade  Ibr  the  aolotSoa  ^ 
mechanical  probleoiA,  tAkee  a  bfeli  rank  as  an  Ortbopfledk  S'ltiveQfi,  and  bU  ymt  pfadteal 
3D  to  the  literature  of  the  eubfec^  i*  ^^^  valoable  Koi  opuortnaie.    We  <*—  ^ 


contrlbotloD  1 


I  devm^ 


worthy  of  a  place  in  every  pby  si  clangs  ilbrarr.    The  style  ta  nnprete&dlng  bat  tjesehaal^ 
fraphlc,  and,  best  of  all,  quite  njteUlglble.^-ire*"    "  -       - 


ktaUxARtcoNU 


Gosse  on  the  Microscope. 

Evenings  eU  the  Microscope ;  or,  Besearches  among  ihe  Jft 
nnter  Organs  and  F'orms  of  Animal  Life,     By  PatLtr^ 
Henbt  Gobsz,  F.  R.  S,     BeautiMly  illustrated  with  b^ 
ward   of  one    hundred   Engravings  on   wood.      1    vol 

l2mo,  pp.  480 Cloth,  %tM 

in  ofdar  to  reHerv  aa  much  as  poeelbte  the  dryness  of  tadmlcal  deacrlption,  a  eOQoqplid 
and  JhrnlUar  ttgrle  hii  bean  given  to  the  work,  without,  bowereE,  aacdilci&g  tba  pnMtm 
aaaontUl  lo  science.  Tba  ol^ecti  selected  for  lltutrailon  are  eommun  thtaga,  audi  u  My 
one  placed  to  tolerably  fiivorable  clrcamstancaa  may  nftaonalily  expect  to  meet  with  In  «f  • 
dtnaty  lesearch.  Instmctlous  on  mleroacoplc  manliiDlatians,  and  the  selection,  secsrln 
and  moontlng  of  ol^ects  for  eumtnadon,  are  glrea  with  a  ^ew  of  fcrllltating  the  woik 
bc^nnerf. 


Nightingale — On  Nursing. 


:iw| 


Kotes   on  Nursing, 

Flokewck  Kightikgale.    1  volume,  12m0y  pp.  140. 


What  it  Is  and  ^Vhat  it  is  NoL    By 

Cloth,  $0.75 


SCIENTIFIC  PUBLICATIONS. 


AUen^i  PhiloBophy  of  the  Mechanics  of  Natartu     t  vol^  Svo,,, «.«,.,,. f  3*50 

Antiiell^t  Manufacture  of  Bydro-Carbon  Oils,     i  toL^  8vo 2.00 

Apptetons*  Cyclopaedia  of  Drawing,     i  vol,  Svo. ,, .                 .  10.00 

"           Dictionary  of  Mechanics.    2  vols.»  8vo ...,,..__.  18.00 

Architecture  of  Victoflan  Age,    i  vol,  410,  half  calf, la.oo 

•Saluda  Mental  Science.     1  voL^  t2mo » «...  1.75 

[     **       Moral  Science,     i  vol.,  i2mo. . , 1.75 

"       Sensea  and  Intellect     ivoL,8vo 5.00 

Boome'a  Oatechlam  Steam-Cnglne.    1  voL,  i2mo 1.75 

■     «           Hand-Book     **            "            I  voL,  i2mo. 1,75 

**           Treatiae  on     **            **            I  voL,  410 15.OO 

■*                    ^*           Screw  Propellen,  etc*    i  voL,  4to 24.00 

Clark's  Mind  in  Nature.     1  vol,  8vo , .  3.50 

Cleveland  &  Backns^s  Architecture,    i  vol,  Svo,... 4.00 

Oonr^tation  and  Conaervation  of  Forces.    A  Series  of  Exposidons  b^  Prof 
^H  Grove,  Prof.  Helmholtz,  Dr.  Mayer,  Dr.  Faraday,  Prof.  fliEBiG, 

^H  and  Dr.  Carpenter.    Edited,  with  Introduction,  by  E,  L.  Voumans, 

^"             M.  D.     I  vol,  i2mo * .•••••,.  2.00 

Downing*s  Architecture.    tvoljSvo.  .* ••»•»«*«*•  6.00 

Sde  on  SteeL    t  vol.,  i2mo , I.50 

EglofiEstein^B  Geology  and  Phyaical  Geography  of  Mexico^    i  vol,  8vo.    5.00 

Bnnii*s  Origin  of  the  Stan,     i  voL,  i2mo 2.0O 

Enthoffer^s  Manual  of  Topography,    t  vol    Text  and  Atlas 15.00 

Qillespie's  Surveying,     t  vol,  8vo ***.« 5.OO 

**          on  Lrevellingi  Topography,  etc.     I  vol,  8vo*«. ••>•»•  ••*•#•»««  2*00 

QoBse  on  the  Microscope,    i  vol,  I2ma ,....• •••••.••  1*50 

Hai^  on  Bridge  Construction,    t  vol,  8vo «..•••«.•••••  3>S0 

Henok's  Fi  eld-Book  for  Railway  Bnglneen.    1  vol,  I2ina 2.$o 

Holly's  Country  Seats,     i  vol,  Svo 5.00 

Enapen*s  Mechanic's  Assistant,     i  vol,  i2mo .••»,.•••,*«, •*  U^ 

Iieb£g*s  Natural  Iiaws  of  Husbandry.    1  vol,  i2nio •••«••«.*.#•<  1*SP 

tjubbock's  Origin  of  Civilisation,    i  vol,  tzmo^ *.fl**«««««»«*«i#««-  3*00 

Masury  on  House  Painting,    i  vol,  i2mo... *««••••>♦••*•  t,^ 

MlTart's  Qenesis  of  Species,    t  vol.,  i2mo. ,..**•«»•#•••«*•«•#  I«7S 

Qrerman's  Metallurgy,    l  vol,  8vo. »*«»..••••.•«.•  $,00 

Ritter's  Comparative  Oeogra|diy  of  Palestliie^    4  vols.,  8vo 14.00 

Boeooe'a  Spectrum  Analysis,    i  vol,  8vo ..••*••  9.00 

aiMsell's  (J.  ScoU)  Naval  Architecture,    t  vol,  folio 50.00 

Stoionin*s  Underground  X^e.     i  vol,  imp,  8vo,  half  morocco* •»•»•* *•**-••  l^tOO 

Temple  ton's  Mechanic's  Pocket  Companlonp    1  vol ,  t6mo •••  S<00 

Tturan  on  Iron*    t  vol,  8vo. ,...*.•,••,.. 10.00 

Ure's  Dictionary  of  Arts,  Manufactures,  and  Mines*    3  voU.,  8va I5*<>0 

Wilaon*s  Mechanic^  and  Builder'a  Frloe^Book.    i  vol,  i2mo •••  i-TS 

*%  Descriptive  Catalofuei  fitniulied  on  appKauiom    Any  of  the  sbove  ««i{is  aulM  frvc  oa  itoipt 
al  pfice*     Ranlttukccft  by  postal  Doocy-ordcr  lo  the  PutUihcrt,  ;* 

D.  APPLETON  &  CO.,  549  k  551  Broadway,  R.  T. 


MEDICAL     WORKS. 


AnsHe  on  Neuralgia,     I  vol.,  i2mo.     Cloth,  $2.50. 
Barker  on  Sea- Sickness,     I  voL,  i6mo.     Qoth,  75  cents. 
Barnes's  Obstetric  Operations.     I  vol.,  8vo.     Qoth,  $4.50. 
Bellevue  and  Charity  Hospital  Keports,     I  vol.,  8vo.     Cloth,  $4.oa 
Bennetts  IVinterand  Spring  on  the  Mediterranean,     I  voL,  l2mo.     Cloth,  13.5a 
Sennet  on  the  Treatment  of  Pulmonary  Consumption,     I  vol.,  8vo.     $1.50. 
Billroth' s  General  Surgical  Pathology  and  Therapeutics,     I  voL,  8vo.     Qoth,  $5.oa 
Combe  on  the  Management  of  Infancy,     I  voL,  l2mo.     Ooth,  $1.50. 
Davis's  (Henry  G,)  Conservative  Surgery.     Ooth,  $3.00. 
Elliot's  Obstetric  Clinic.     I  vol.,  8vo.     Cloth,  $4.50. 

Flinfs  Physiology,    Vols.  I.— IV.    (Vol.  V.  in  press.)    8vo.    Cloth,  per  voL,  $4.50. 
Flint's  Manual  on  Urine.     I  vol.,  i2mo.     Cloth,  $i.oa 
Flint's  Relations  of  Urea  to  Exercise.     I  vol.,  8vo.     Cloth,  $2.00. 
Hammond's  Diseases  of  the  Nervous  System.     I  vol.,  8vo.     Cloth,  $5.00. 
Hammond's  Physics  and  Physiology  of  Spiritualism,     I  voL,  I2mo.     Ooth,  %lJXk 
Holland's  (Sir  Henry)  Recollections  of  Past  Life.     I  vol.,  l2mo.     Ooth,  $2.00. 
Howe  on  Emergencies.     I  vol.,  8vo.     Ooth,  $3.00. 
Huxley  on  the  Anatomy  of  Vertebrated  Animals.     I  vol.     Ooth,  $2. 50. 
Huxley  &*  Youmans's  Physiology  and  Hygiene.     I  vol.,  i2mo.     Ooth,  $1.75. 
yohnston's  Chemistry  of  Common  Life,     2  vols.,  I2mo.     Ooth,  $3.(X). 
Letterman's  Recollections  of  the  Army  of  the  Potomac.     I  vol.,  8vo.     Ooth,  $1.00. 
Lewes' s  Physiology  of  Common  Life,     2  vols.,  I2mo.     Ooth,  $3.(X). 
Markoe  on  Diseases  of  the  Bones,     I  vol.,  8vo.     Ooth,  $4.50* 
Maudsley  on  the  Mind.     I  vol.,  8yo.     Ooth,  $3.50. 
Maudsley's  Body  and  Mind.     I  vol.,  l2mo.     Oodi,  $IXX). 
Meyer's  Electricity,     I  voL,  8vo.     Cloth,  $4.50. 

Niemeyef's  Practical  Medicine.     2  vols.,  8vo.    Ooth,  $9.00;  sheep,  $Ii.oa 
Neftel  on  G a IvafUh  Therapeutics.     I  vol.,  l2mo.     Ooth,  $1.50. 
Nightingale's  Notes  on  Nursing.     I  vol.,  i2mo.     Ooth,  75  cents. 
Neumann  on  Skin  Diseases.     I  vol.,  8vo.     Ooth,  $4.00. 

Pereira's  Materia  Medica  and  Therapeutics.     I  vol.,  8vo.     Ooth,  $7;  Sheep,  $8. 
PeasUe  on  Ovarian  Tumors.     I  vol.,  8vo.     Ooth,  $5.00. 
Sayre's  Clubfoot.     I  vol.,  l2mo.     Cloth,  %\X30. 

Stroud's  Physical  Cause  of  the  Death  of  Christ.     I  voL,  i2mo.     $2.00. 
Swetton  Diseases  of  the  Chest,     i  vol.,  8vo.     Ooth,  $3.sa 

Simpson's  (Sir  James  Y.)  Complete  Works.  VoL  I.  Obstetrics  and  Gynacology.  8fO» 
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ANSTIE. 

JN  euralgl2l,  and  Diseases  which  resemble  it 
Bt  FRANCIS  B.  AKSTIB,  JL  a,  F.  R.  a  P., 


Senior  AB«lBtanl  Fhriiciaa  to  Weitmlnitar  B<Hipltal ;  UMstorer  on  Materia  MtxikA  In  W«8tniiiister 
Bmi^uI  School;  UMl  Piiyricfan         *  -,...-     ^™.         -,...       -   .««. 


to  the  JB«lgnT«  HoftplUl  tbr  Gbildreu ;  Iklltor  of 


1  TOL.  12mo.   Ciotli.  $2.50. 
*'It  It  A  nJnabla  eootxlbatloa  to  MkiatLOo  modkdUM!.''— 7^  ZotUMt  (£<nuf^>. 

[i  BARKER. 

The  Puerperal  Diseases. 
delivend  at  Bdlevue  Mo»pital. 
SHni 


Clinical  Lectures 


Bt  FORDTCE  BARKER, 

Cttnkial  Froftiiorof  Midwil^iy  and  tho  Di«eajio«  of  Wom«Q  in  the  fiellemo  Hospital  Modtetl 

'  OolIte«;  ObcteMc  Phyftoinn  to  Bi^Uovu^  lloapltA);  OoDunttlop  FhjBldan  to  the  Neir  York 

■  fitit*  wonwo'i  H<i«p4tal;  Fellcw  of  tli*  Now  Yodc  Academy  oT  Modldno;  ibrooerly  I¥eil- 
dent  of  tb«  Medical  Society  of  tho  8Uto  of  N<iw  Torit:  Honorary  Follavr  of  Um  ObitvtrteBl 
BodflOes  of  Loudon  uid  Edinburgh ;  Booonuy  Fellow  of  t2M  Bojal  ICodboal  Sode^  of 
■Athena^  GroecOt  otc,  etc^  etc 

1  ToL,  8yo,   ClotlL.    926  pag«t.  Price,  15.00. 


'*FOr  IK^wty  twenty  yeart  U  hflfr  Tw-'-n  my 
OMfl  at  Sellcrfio  HospttiiL  on  midwif 
volnmo  1a  nude  on  aubAtantinUy  (hM 
on  the  puerperal  dijeases,    Hartntr 
dlBoaMA,  I  hare  felt  It  to  be  ah  ' 
tafM  which  I  havo  o^Joyetl  fi  < 
tty.    lo  niaoy  robjeet^  lucb  h 
and  pyiemlv  th«  advance  of  sth- net-  hah-  u* 
now  evttry  year.    Thoee,  thareteOt  who  bn 
and  who  now  do  me  tbe  booor  to  read  tin 


!iTfy,  fkfl  well  as  my  prirlle(re,  to  glv«  ellnleal  !•*<> 

I  |H  raf  nnJ  the  otW  dlfteas<»«  of  wourit>it.    ThLi 

hie  r{>r»<>rt«  of  tb«  leotores  wbkb  I  hinro  f^ven 

''ptinnni  opporttinttlM  Jbr  the  etudy  of  theee 

r.if  as  b^  In  my  power,  tne  adran- 

I  hop^  Ibr  the  lnl«i««ti  of  biuiMa- 

aboaia,  and  emboUsin,  aeptlcnoilii, 

ka  It  neceaaaty  to  teach  aotnetiiln^ 

I  to  my  laettirea  on  these  aubjecta, 

t>e  surprisod  to  And,  In  maov  par* 


ttcnlara,  eba&f ea  In  patholo0ca1  rlewi,  and  oiu n  im  uuraiieutical taaablner,  &om  doetdnos  t 
loeokated.  At  the  preMot  day,  fbr  the  first  time  In  the  hUtory  of  the  world  tbo  obctetrle  de- 
partment aeema  to  be  SMomlnir  Its  proper  poeltkm,  i»  the  blgrhest  btaneh  of  mt^llcloe»  If  ite  niok 
M  praded  by  its  importaoco  to  em^ety,  or  bj  the  LnteOoc^a]  ctiltuiv  and  ability  re<inlred,  aa 
eompored  with  that  Gemanded  of  the  phyildao  or  the  snrireoa.  A  man  mav  become  eminent  as 
a  physician,  and  yet  know  very  Uttto  of  obstetrics ;  or  be  may  bo  a  loooeaanil  and  diatioguUhed 
■mseoo,  aod  be  quite  i^nonnt  of  eroa  the  rodlmenta  of  obeletrici.  Btit  no  one  can  be  a  reaQy 
able obalatriciaa  unleaa bo  be  both  pbvsleko  and  lunrt^o^  Aod^ m  tbonoator  Indttdaa  tb«»  1 
"^  -^  ^  '  I  should  rank  as  the  bij^hcst  doportuient  of  our  pT«fcaslan.**-n#roin  Jlin 


On  Sea-sickness. 


Bf  FORDYCR  BARKRR,  M.  D. 
1  vol.,  lOmo.    86  pp.   Flexible  Cloth,  75  oesti. 


Boprlnted  from  the  l^rw  Ttnx  Mbdioai.  .Torx,??  au    By  reaaoo  of  the  ffK*«t  demand  fbr  tba 
' "       *  '        -.-.--   -.  w  '     jow  pn'*ented  In  book  rbrm*  vrlib  siieh  ] 

iievlnp  the  iulEMaf  from  aoa-aicknesa. 


oiimbe-of  that  )onraal  oontatolnf  Che  pap**r.  It  1*  low  pri'*ented  In  book  fbrm,  wlib  siieh  pre* 
•eriptSou  ad4«d  aa  the  author  haa  Iboaa  eaeftii  In  rvli    '      -        -   •      - 


h 


2>.  Appl€tan  A  Co.^a  Medical  PuMicaUofiS. 


COMBE. 

The  Management  of  Infancy,  PhuwMogi^ 

cal   and  Moral.     Intended  chi^^  for   the    Use   of 
Parents, 

By  ANDREW  COMBE,  M,  D. 

B£VIS£I>  AND  £1>IT£D 

Bt  BtM  JAMES  CLARK,  K.  €.  B.,  M.  D.,  F.  R,  a, 

P]ijtldiii4o-ordl]Mif7  to  th«  Qomou 

firtt  Aiii«rioftn  from  tlie  Tentli  London  Edition.     1  vol.,  ISmo.    803  pp* 

Cloth.  $1.50. 

**TW»  «iwIU'iit  little  book  Iboold  t*  tn  th«  hAUJ  «f  every  mutht^r  of  «  fiimflf  -  luul  if  *otna 
of  otir  lidj  (HtitifU  wotikl  muster  lU  «ottt<uits,  and  cMher  brin^  up  ihplbr  thiUlrea  tj  the  JUrhtof 
tto  teiflhlagft,  or  comniunlaite  the  Irutba  it  coutatui  to  the  {w>or  hy  whom  ikuf  mn  »u]Ti>iiud«d( 
we  4U«  «iiBvtiic«d  Uml  they  woukj  «ir(M<t  tntiuitfly  inons  poo*l  tbiuj  by  the  dutrlbittioD  of  mir  , 
nujoalmr  9f  t»ct»  ifhtt4!>v«T.  .  ,  .  We  eoiuildv^r  tliLa  \vork  to  be  one  of  th«  few  popuiftr  iii«dikia 
twfttlait  ttMf  any  pmctltiaiier  inij  ivcomineiid  to  h\t  pAtieiitii ;  and,  thaogrh,  tf  its  preetpU  u*  1 
JbDowfld^  b«  wilfifmboblv  lofte  r  lew  (^nimeiia,  be  will  not  boerudee  tbem  fir  be  m«s  hti  fiieDdliJ 
ehUdren  grow  up  litittli&y,  ActlTe,  itroag^  and  both  mentAiiy  utd  pltjilaeOy  otptble.**-*  J^ 

CHAUVEAU. 
The    Comparative    Anatomy   of    the 

I>anu4ticat€d  AtiimaU. 

By  a.  CHAUYEAU, 

PKOn»fl<yi  AT  THH  LTOJrS  TITXIUXAXT  BCIIOOI.^ 

Second  editioD,  rovised  and  ejilarj^^^d^  with  the  coopcr^^'  '^ 
late  Principal  of  Anatomy  nt  tKo  Lyons  VcteriTittry  Scli 
Toukufle  Vet4;rinary  fckhcM>l     TrniiBlaU'd  and  edited  by  ' 
F.  R.  G*  R,  31.  A.  L»  Veterrnajy  Surgeon^  Royal  Engrine«f», 

1  Tol.t  Bto.   GloUi«   967  pp.^  witli  450  tUnitrAttoni.   Frioe*  $6.00, 


I  T*f  t\\\a 


OPINIONS   OF  THE   PRESS- 

"ThlR  is  ftTaJnv  V        '  1  and  well  cJtoctitt^l  by  th<»  »i]tlior«,  HM- ' . 

■nil  Arlolnip*  osd  rtmp.    It  Is  rather  fdrpiistni^  how  few  worlu  er^ 

in  U)y  kDgiuig«,  ir  \\<>*^  '^onimoTurr  atilniidfv  tlomf^ado  and  otherwtM^  is 

fiTen'wtth  »tiy  *[>[  '    ro  juv  In  itbnadaacc,  bot,  tf  tb«i  iSodi 

Be  desbvas  of  u^  n.o  tb«  position  xnd  briDdw*  OC  I 

poetuuojyriutrJo  or  -  of  a  givcti  intisde  In  ee?«rtl  dlftiw^ 

anlmiUSr  ho  ruay  emrin  tui  ti^>  tic  uc  um\  ]i.     i  ur  work  befbre  UB  app«u*  to  be  Well  ftdbipledl 
meet  thta  dUDculty. 

-'  Hie  )Uii»tnit(on»  lire  rery  namerouA,  and  Mr,  Fl^mtng  bM  bktroduoed  s  lufe  mtmber  llMll 
are  not  t'ontalruHl  in  tlie  oHcinal  work, 

"TaktnfT  It  altoin4bvr,  tbi?  book  {a  a  very  welcome  ruldition  to  En^Uah  liiei«tiirev  atd  Cfwt 
endlt  Is  duo  lo  Mr.  Floinln^  for  the  ^xcr'lktinr^  nf  f  hi<  fmimtAtion,  ood  tJbr  mtny  ftddltfontl  SolM  bt 
basMpp^oded  to  Chuureou6  treaU0<>.'^     '         '    '       '     i 

**Tiiewant  of  a  text-book  on  th<  irnvof  the  1  ik  bt* 

loSjir  b««u  f<cl^  T^t*^  description*  tr»tt*d  and   i  wo  450 

tacctlent  tth    v    •       'n  a  work  wbi-  r  m>  vast  a  fi^ld  of  anax  m.1  -!.  - 

ftcrlptlon^  ii  i«»lei?t  any  II  l  r^^ii  w,  but  our  cjiamliii  i.«ii^ 

toAp«ttkhi  :  itfl  general  i  .  'lb*'  care  and  attention  ..13^.0!' 

o«ny  has  bt.-^  ii  <  uiutuu^i  on  th^  Couli/it.u<.  mx.^  idudtrate*!  by  «T«i-y  pace  Id  M.  v-uauvt  au  Hiiuriu 
—Mtdtoai  7k4n«f  mui  QaaetU  {London), 


I}.  AppUton  €&  Co.^s  Medical  Publicatiofis. 


DAYia 

Conservative  Surgtryyos  exMhitedmreTmdying 

some  of  the  Mechanical  GauBBs  that  operate  injuria 
ously  iotA  m  Health  tmd  Dimase.    With  lUvsirations* 

By  EENBY  G.  BAYIS,  M.  D., 

Um^bn  of  tlie  Ajserioui  Medltid  AMocUtloJi,  eto^  elo. 

1  7CL,  STOt   315  pp,   ITloth^  13,00. 

The  author  has  enjojed  rare  facilitiGB  for  the  studj  and  treatment 
of  oertain  olasBes  of  disease,  and  the  records  here  presented  to  the  pro* 
fessioii  are  the  gradual  accumulation  of  over  thirtjr  years*  investigation, 

"  Dr.  BavlSf  briDglDg,  as  he  does  to  his  specialtjf  a  great  aptitude  for  the 
solutloQ  of  mecbanlcal  probleniSf  takos  a  high  rank  as  an  orthopedic  surgeon, 
and  his  very  practical  contribution  to  the  literature  of  the  subject  ia  both  valu- 
able and  opportune.  We  deem  it  worthy  of  a  place  in  every  pliysician*8  library. 
The  style  Is  ynpretending,  but  trenchant,  graphic,  and,  best  of  all,  quite  intelli- 
gible/*— Medical  Record, 

The  Cerebral  Convolutions  of  Man, 

represerUed  according  to  Personal  InveMigations^  e^- 
pedfOUy  on  their  Demhpment  in  the  Fcdns^  and  with 
rtferenoe  to  the  Use  of  Phyaicians. 

By  ALEXAOT)ER  EOKER, 

Profeasor  of  Aiuitamy  and  OompantlrD  Anatomy  in  ike  UnlT«n1ty  of  Froibtuis* 

Trazialated  from  the  German  by  Bobeirt  T.  Bdes,  M*  B« 

1  ToL^  8vt».   87  pp.   $1.25. 

**  The  work  of  ProC  Ecker  is  noticeabk  principally  for  its  euccinctncss  and 
cleamess,  avoiding  long  diacudsions  on  undecided  points,  and  yet  sufficiently 
{^mlahed  with  references  to  make  easy  its  comparison  with  the  labors  of  oth- 
ers in  the  same  direction. 

**  Entire  originality  in  descriptive  anatomy  Is  oot  of  the  question,  but  the 
facts  verified  by  our  author  are  here  presented  in  a  more  intelHgible  manner 
than  in  any  other  easily-acceaeible  work, 

"  The  knowledge  to  be  derived  from  this  work  is  not  furnished  by  any  other 
text-book  in  the  English  language.'* — Boaton  Mediecd  and  Surgical  Jtmrmii^ 
January  20,  IStS. 


ELLIOT, 

Obstetric  Clinic,  a  Practicai  ComribuHan  lo  rte 
JSiudt/  of  Obstetrics^  and  the  J)i$eas€i  of  Women  and 
Childrmi* 

By  the  late  GEORGE  T,  ELLIOT,  M,  D., 

tMA  FrofaMdr  of  OtMt«trlOi  aad  ibo  maeoaoft  of  Women  aiid  CMMftin  la  the  B«Uenw  Bms/Btik 

Hadtoil  OoQ«ee;  Vhj§ldui  to  Bellorue  lIo«ptUL  and  to  tbo  Xew  York  hjiag-in  Aafiami 
GomnJtlu  PEydcUci  U>  tlM  Kurterjr  juid  Cbfla'A  Hoipltal ;  Cooioltlll^  Soimo  to  tlM  dtel* 
Womaa*!  HoipliaJ :  Garreipaiidliw  Member  of  Ui«  ISdlabinsli  Obttetriori  5od«l7  and  of  tbe 
Moywl  Acad^mr  <»f  liftiruui ;  Fellow  of  the  IS.  Y.  AcAdwnjr  of  Medteia*;  lUnabtr  of  ite 
Goan^  lisdkal  Sodety,  of  the  FhthoJoctod  doototy,  etci,  etc 

1  Tol,,  8to.    468  pp.   Oloth,  14.50, 

This  work  ia^  in  a  measure,  a  ri^umi  of  separate  papers  previoiislj 
prepared  hj  the  lat«  Dr.  Elliot ;  and  oontaina,  besides,  a  reoord  erf  nearly 
two  band  red  Importaot  and  ditHcult  cases  id  midwifery,  selected  from 
his  owo  practice.  It  hjnA  met  with  a  hearty  reception,  and  has  reo«ved 
the  highest  enoomiutna  both  in  tbU  country  and  in  £nrope. 

'*  The  Tolaine  by  Dr.  Elliui  bw  Horaely  lew  nlue,  tboogh  In  a  difforant  dlreeUoo^  than  that 
of  the  Edinbujig'h  phyilcUn  ^  Dr.  Dtuieaii,  ^  lte««ftrebee  In  ObeteUio«  ^y^ — LanotL 

^There  li  no  book  in  Amerioui  obttetEkil  lltonAare  thst  forpuMA  thii  ooe.^— JUbidlfPffil 

**  It  ou^ht  to  bo  in  the  bands  of  orery  pnodtkner  of  midwUWy  In  tho  ootrntry.** — Satkm 
JTMloal  ami  Surffical  JoumaL 

"*  it  hftA  no  «qtud  In  tbo  EngtlAti  laagiuse^  ei  ra^tidi  dUoScil  lostnietioa  to  ofasMilei."— 

FLIKT. 
Manual  of  Chemical  Examination  of 

the  Urine  in  Disease.       With  Brief  Directions  for  the 
Mcamination  of  tft4  mo^  Common  Varieties  of  Urif^ry 


CcUculi, 


Ft  AITBTIN  FLINT,  Ja.,  M.  D., 


ProllMAor  of  FbyifokkKy  and  Mleraooopy  In  the  Benome  Hofpthd  Medkal  OaUepB ;  FeDoir  of  Ibo 
Neir  York  Aoidwray  of  Medidae;  M«finb«(r  of  th«  M«dkal  Society  of  tbe  Omz^  of  K««r 
York ;  Boald«nit  Member  of  the  Lyoeom  of  Natural  Uistory  la  the  Glty  of  Kew  TedC,  elo. 

Third  Edition »  revu^d  and  oorreoted.    1  7oL»  12mo.    77  pp.   CIoUl,  $1.00. 

The  chief  airn  of  this  little  work  is  to  emihle  the  busy  practitioner  to 
rnfike  for  himself^  rapidly  and  easily,  all  ordinary  exaiuiuations  of  Urin«; 
to  give  him  the  benefit  of  the  author's  experience  in  eUrninating  little 
difficulties  in  the  inanipulatiuns,  and  in  reducing  processes  of  Analysis 
to  the  utmost  simplicity  that  is  consistent  with  aoeurftcy. 

**  We  do  not  knoirv  of  any  work  in  Ennrlliih  so  eoinnl«to  and  luody  as  tlw^  Maanal  no«f  90mA 
to  the  profP94loii  bj  Dr.  Fuatw  and  the  hlt^h  sdentlno  rppntatlon  of  \ht^  nqtbor  la  a  ftffialftai 
ffaixuiteo  of  the  aoooracy  of  aU  the  dlivctions  glTon.''— Jowriw/  of  ApptiM  Ok^itir^, 

"*  We  can  onhesitatUif  I7  rtcoauaond  thli  MaoiuL'*— i^cA^to^iedl  tToymad 

"  Eminently  practkaL^'— i?#*ra«  iee«<#«o  qfU^didM. 


2>.  Appleton  S  Co?s  Mtdical  I\ibiicaiion§, 


FLINT. 
The  Physiology  of  Man.     DemgmdtoTtp^ 

resent  the  Exuting  Stats  of  Physiological  Scw7i€4  as 
applied  to  the  Functioiu  of  the  Human  Body. 

Br  AUSTIN  FLINT,  Jr.,  M,  D., 

ProflMsor  of  PhjikiJoiry^  And  Mlcn>iico&y  In  tho  BeOeto*  Hoapltal  M«dion]  CoDeig«L  ftod  In  tb* 
Loa^  Ifttaiid  Coil<^«ro  Ho»plUl ;  Fellow  of  the  Nevr  York  Academy  of  Medicine ;  MtcnMooplnl 
to  Bolldviu)  HoepitoL 

In  Five  TolamM. 


Vol 


ume 


8to,   Tinted  Fapeir. 
-The  Blood;  Circulation;  Hespiration* 


8vo.    60i3  pp,    CloUi,  $4.50, 

"  If  the  remamiBg  portioiia  of  thla  work  are  compiled  with  the  BAme  evQ  anil 
Menracy,  the  whole  may  vie  with  uny  of  those  that  have  of  ]atc  years  been  |iro- 

Hnrcofl   in  ATI  I*  nam  nm  in  fnrMcm   1  a n iwi i <t  r* ao  " Hvttiah  MtMil    ti*nrtwnwt    ^^■' -^'  —    ^"^  '  — ^^ ^-  -^-* 


duced  hi  our  own  or  in  foreign  languages.' 


~Britwh  and  Foreign  MedivO'  Chirmyi' 


**  Ab  a  book  of  general  mformatlon  it  will  be  found  useful  to  the  practitjoner^ 
and,  SB  a  book  of  reference,  invatunble  in  the  bands  of  the  anatomist  and  physi- 
ologisi."— i)MM'»  Qu^rtcrUj  Journtd  of  Medical  Srimee, 

'^Tbe  complete  work  will  prore  a  valuable  addition  to  om*  tyateinatlc  treatiaet 
on  human  physiology.** — Thf  Lancet, 

**  To  those  who  deal  re  to  get  in  one  volume  a  concise  and  clear,  and  at  the 
same  time  sufficiently  full  rh^tm^  of  *  the  existing  stjite  of  phy:^lolog?cal  acience,* 
we  can  heartily  recommend  Dr.  Fliot^B  work.  Moreover,  as  a  work  of  typographi- 
cal art  it  deservea  a  prominent  place  upon  otir  llbrary^hetvea.  Messrs,  Ap[>leton 
k  Co.  dcfterve  the  thanks  of  the  profession  for  the  very  handsome  style  in  which 
they  Issue  iiKvlical  works.  They  give  us  hope  of  a  time  when  it  will  be  very 
genenillv  believed  by  pubHsbers  that  phyBldans'  eyea  are  worth  saving*' — Medi^ 

Voliune     U.  —  Alifnentation  ;   Digestion  /   Absorption  / 

Z^mph  and  Chyh\ 

870.    566  pp.    Cloth,  14.50. 

•»  The  second  instalment  of  this  work  fulfils  all  the  eipectationa  raised  by  the 
perusal  of  the  first.  .  ,  .  The  author^a  explanations  and  deductions  bear 
evidence  of  much  careM  reflection  and  study.  .  .  ,  The  entire  work  is  one 
^  rare  inteie^it.  The  anthor's  style  is  as  clear  and  concise  as  his  method  is 
ndiouB,  carelul,  and  elaborate." — Phtladdphia  Inquirer, 

"  We  regard  the  two  treatises  already  issued  as  the  very  best  on  human  physi* 
ology  which  the  Entrliah  or  any  other  language  affords,  and  we  recommend  them 
with  thorough  contidenco  to  students,  practitioners^  and  laymen,  as  models  of 
literary  and  ficlcntitic  ability." — A'.  K  Medical  Journal. 

*"  We  have  tbund  the  style  easy,  lucid,  and  at  the  same  time  terse.  The  prac- 
tical and  positive  results  of  physiological  investigation  are  succinctly  ^^j^ 
wiUiout,  it  would  seem,  extended  discussion  of  disputed  points," — Boiton  Mvmm 
and  JSurf^icat  JoumaL 

"  It  is  a  volume  which  will  be  welcome  to  the  advanced  student,  and  aa  a 
work  of  reference* "^ — The  Lancet. 

"  The  leading  subjects  treated  of  are  presented  in  distinct  parts,  each  of  which 
is  designed  to  be  an  exhauative  essay  on  that  to  which  it  refers." — Wctitm  Jaur* 
nal  cf  Mtdicine. 
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Flint's  Physiology.  Yolume  UL^Secretion;  .&>- 
crtiion;  Ihicti^ss  Glands/  Nutrition;  Animal  JSeai ; 
Movements/   Voice  and  Speech. 

iro,   626  pp.   CloUt,  M.&0* 

"^Br.  Flint's  rcputjtlian  U  saJIicient  to  giye  a  char&eter  to  the  book  ftmong  the 
profeMdon,  where  it  will  chieBj  circulate^  and  mAoy  of  ibe  f&cts  given  have  been  ' 
rerifiod  by  th«  author  in  his  laboratory  and  in  public  demonstration.**^ — Chiiptf9  j 
Courier. 

^^  Tho  author  beatowa  judicious  care  and  labor.  Facts  are  selected  with  di»> 
criminaiLODf  theorioe  ciiticiilly  examined,  and  couclufiiont  enunciate  with  com- 
mendable deamesa  and  precision.*' — Amtruxuk  Journal  of  the  Mmlical  Snencm^ 

Volume  IV, — The  Nervous  St/atem, 

8to.   Cloth,  |4>60. 

This  Tolume  embodies  the  results  of  eKhaustivo  study,  and  of  a  long  anil 
laborious  fterics  of  experiiocnUif  presented  in  a  mariner  remarkable  for  its  strong 
and  clearness.  No  oUier  department  of  physiology  has  so  profound  an  tBterat 
for  the  modem  and  progreadve  physician  as  that  pertaining  to  the  oerfoo 
system.  The  disi^ases  of  this  aystc'ui  are  now  eiij;aging  the  study  and  attentioii 
of  some  of  the  greatest  miuds  in  the  medical  world,  and  in  order  to  follow  their 
brilliant  ditucoveries  and  dcvelopmentiiif  especially  in  connection  with  the  scienoe 
of  elect rology^  it  is  absolutely  necessary  to  obtain  a  clear  and  settled  knowledge 
of  the  anatomy  and  phyaiotogy  of  the  nervous  system.  It  is  the  design  of  this 
work  to  impart  that  knowledge  free  from  the  perpk^xing  speculations  and  uncei^ 
tain  ties  that  have  no  real  value  for  the  practical  student  of  meilicine.  The 
author  boldly  testa  every  theory  for  himself^  and  asks  his  readers  to  accept  not!> 
ing  that  id  not  capable  of  demonMration.  The  properties  of  the  cerebrospinal, 
nervous,  and  sympathetic  systems  are  ticated  of  in  a  manner  at  once  Inc)d| 
tharough,  and  Lntereeting. 

Although  this  volume  Is  one,  perhaps  the  most  important  one,  of  the  anthor*^ 
sdmitable  aeries  in  tho  Physiology  of  Man,  it  is  nevertheless  oomplete  tn  it«el(' 
and  may  be  stilety  pronotmced  indispensable  to  every  pbyfiichm  who  takes  a  prids 
and  interest  in  the  progress  of  medical  science. 

Volume  V. — Speetal  Senses/  Generation, 

8yo.    Clothe  ii.50. 

"The  present  volume  completes  the  task,  begun  i^l^vi»ri  rt^'xra  mj-*^  ^S  prftparing 
a  work,  intended  to  represent  the  cxi^sting  ?tflte  _t%  sa  ap* 

plied  to  the  functions  of  the  human  body.     The  k  i  the  ftr?t 

four  volumes  have  received  has  done  much  to  eu^Uln  ihe  .oid^or  in  an  under* 
taking,  the  magnitude  of  which  he  has  appreciated  more  and  more  as  the  work 
hai  progr^sed. 

**  In  the  fifth  and  last  volume,  an  attempt  has  been  made  to  give  a  clear  account 
of  the  physiology  of  tho  special  bchaqb  and  generation,  a  most  difficult  and  dclioatt 
undertaking.  »  .  . 

*^  Fmtilly,  as  regards  the  kfit,  as  well  as  the  former  volumes,  the  author  can 
only  say  that  he  has  eparcd  neither  time  nor  labor  In  their  preparation;  and  th« 
imperfectionB  in  their  execution  have  been  due  to  deficiency  in  ability  and  oppor> 
tunity.  He  indulges?  the  hope,  however,  that  he  has  written  a  book  which  way 
assist  his  fellow- workcr*i,  and  interest,  not  only  the  student  and  practitioner  of 
medicine,  but  >iomD  others  who  dosire  to  keep  jmce  with  the  progrMS  of  Natural 
Science."— JEltfrnf/* /rom  Pte/ua. 
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FLINT. 
On  the  Physiological  Effects  of  Severe 

and  Protract^  Muscular  Mcereise,   With  Special  ref- 
erence to  its  Influence  upon  the  Exmretion  of  Nitrogen. 

By  AUSTIN  FLINT,  Jr.,  M,  D., 
Ffttl^Mor  of  FbfiloU)t,7  In  the  Ballavue  lloipiu]  Medical  CoUe^  New  York,  eCc^  eta. 

1  Tol.^  Sto.  91  pp,  Clotli,  $2,00, 
Ttim  nuNMfnpli  on  the  reUtlooB  of  0i«a  to  Exerdao  J«  Ibe  result  of  a  tluwongfa  and  etrofkU 
iDTeBtlfitloD  made  In  the  caae  of  Mr.  Edward  ray»oa  Weaton,  Hie  ealabntod  pedestrlaa. 
The  eheadeal  aoaljMa  wafA  toado  under  tha  dlrootiau  of  R.  O,  Doremoa,  M.  J>^  Profoaaor  of 
ChemistTy  aad  Toxlcoloiry  In  tho  Bellovue  Hospital  Medical  GoUeg«,  by  Mr,  Oaoar  Lo«w,  hia 
aMJataoL  The  obaerratJoiM  were  made  witli  the  ooiSponitkm  of  J*  Gl  Baltooi  IL  J>^  Profbasor 
olTbyglolof^  in  the  CoUnii^e  of  Ph|iricliuifl  and  Soigfioaa;  Alaxaadfir  fi.  Moit,  M.  D^  PrDf«sa- 
or  ofStundcal  Anatomj;  MT,  H.  Van  Buren,  M.  D^  Prof«e»or  of  Frlodplea  of  Surgery ;  Austin 
Flint,  M.  J).,  Professor  of  tlie  Priuclplos  sjid  PracUoo  of  Modtdnis ;  W.  A.  lUmmond.  M.  D^ 
olbaior  of  Dlaeaaee  of  ttie  Mlod  and  Nonroua  Sfstdm— «1]  of  the  Ballame  Hoapltal  Mi»dJoa] 

*  This  work  will  be  foand  Intoresting  to  ev^ry  jibystdaiu    A  namber  of  Important  reaultl 
were  obtnlinod  valuiiblo  to  tbo  iihyslologinL''— CfiuM»f>a#i  Mtdicai  Rtptrtory* 

HAMILTON. 

Clinical  Electro-Therapeutics^    {Medical 

and  Surgical.)    A  Manual  for  Physicians  for  the 
Treatment  more  especially  of  Nervous  Diseases, 

By  ALLAN  MoLANE  HAMILTON,  M,  D., 

|B1  In  cbareeofthe  New  York  State  Hospital  for  Diseases  of  thi$  KurroQaSyslmi; 
MtmlfCi-  of  the  New  York  Nenrologlcftl  aatl  County  M«dicaJ  Sodetioa,  etc^  ntc. 

With  BumerotLS  lUuitratioiiB*  1  voL,  Svo.  CloUi.  Priori  $2.00* 
This  work  lE  tb<>  oompUation  of  well-tried  measures  and  reported  casea,  and  la  tutended  as 
a  sLmpIe  ^Ide  for  the  g4?ncrsl  practitioner.  It  la  as  fheo  from  oonftuLnf  thoortes,  t«<hnlca] 
teraia,  aod  nnprove<i  sUtementa.  M  posslblo.  Klectiidty  Is  tndorted  w  a  very  Tstoable  remedy 
b  certAln  diAoiise&,  stid  as  an  InTaloablo  tlierap^iiUcal  ni«4uis  In  nearly  all  Ibrtna  of  NBBTOva 
DnvAaa ;  bat  not  as  a  spedflo  for  erery  human  lU,  mental  and  pbyalcaL 

HAMMOND. 
Insanity   in   its    Relations  to   Crime. 

A  Text  and  a  Cmnvientary, 

By  WILLIAM  A.  HAMMOND,  M.  D. 
1  vol,    8to.    77  pp.   Clotb,  tLOD. 
UK  ^^^t  ,.f  ,t,tg  ^ggjiy  under  the  dtle  *  Society  e«r*u4  Insanity/  was  contrfboted  to  Put- 
»r.  *^,  for  Septc*mber,  1670,    The  groater  porttoo  la  now  flrtt  pubUshOd,    The  Im- 

p<r  >ub]i>rt  consldfired  can  naareely  be  orer-^eBtiiaAied,  whether  we  rofrard  It  firnm 

Ch«»    u,.  ...^.H.A  <»f  ^cliMiQo  or  eodal  ecoftomy ;  aod,  If  I  bATe  aided  In  Ita  eluddatton,  my  objfKrt 
wtlt  have  been  attalaed.''^/Vvm  AmiAor't  iV^^b«f, 
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HAMMOND. 

A  Treatise  on  Diseases  of  the  Nervous 

System. 

By  WILLIAM  A.  HAMMOND,  M.  D., 

Ftofhuor  of  DtieaBM  of  thft  Mlml  and  "SmrcnxB  fiyttetn,  aad  of  CEbksl  MeNdidnci,  tn  th^  BeDenw 
Uoipftfll  Medkal  CoUegffl:  Phjiiclim-lii-OhiAf  to  the  New  Tort  6tat«  Uoepltal  fbr  Dleeuii 
of  the  Nerrous  djitem,  eto^  utc. 

rffUintt  KDSlOK,  SITUUI  AXD  OOWBXOTKO, 

With  Party-fl7«  lUnitratioai.   1  voL,  Svo»   750  pp.   Cloth,  $5.00, 

The  treatise  embracen  an  introdactory  chapter,  which  relate*  to  tha 
iDBtrurnents  end  apporatua  employed  in  the  diagnosis  and  treatinent  of 
diseaBes  of  the  nervous  sjsteia,  and  five  seotiona.  Of  these,  the  first 
treats  of  diseases  of  the  brain;  the  scpoond,  diseases  of  the  spinal  cord; 
the  third,  oerebro-spinal  diaeaaes;  the  fonrth,  diseases  of  Derr^-oeUi; 
and  the  fiflh^  diseases  of  the  peripheral  nerves.  One  feature  which  may 
be  claimed  for  the  work  Is,  that  it  rests,  to  a  great  extent,  npon  the  per* 
Bonal  observation  and  experience  of  the  author,  and  is  therefore  no  mere 
compilation. 

This  work  is  already  univeraally  popular  with  the  profession  ;  their 
appreciation  of  it  may  be  evidenocd  by  the  fact  that  within  two  yean 
it  has  reached  the  fourth  edition* 


t  wu  wbAi  vie  enttdptUd. 


itoWhftehUledtviHed 


**  That  a  trtotlie  by  Pirot  Htmmond  would  be  one  of «  high  «H 
«&d  It  affords  Hi  plaaaura  to  atate  that  oar  aotldpatioiu  oara  1 
Ji6dical  litipm'tory, 

**  This  IB  luiqneitloDilAy  the  moat  oonipleta  traatlis  on  tiie  &b 
that  hta  yet  at>p«iLr«d  In  the  EoirUah  ]atiiffQi«»  t  and  Ifei  valae  li  much  iDcrettaed  by  the  teot  Ibai  J 
Br.  Hammood  baa  mably  baaed  it  on  hla  own  expexlonoe  and  pisctloe,  which,  w«  need  hifd^  f 
nmlnd  onr  rcaden,  hare  b«e&  rery  ixtonHlve.^— ZonJofi  Medloal  Thnet  and  GomIU. 

**  Fre«  ftom  naelMa  Terbineie  and  obecuiitv,  It  la  oyidant^  the  work  of  a  ottn  who  laowt  j 
what  he  is  writing  about,  and  knowi  how  to  write  abo^t  iV^—(Meago  Mtdieai  «/b«rpMii; 

'* Tbfa  la  a  ralnaMn  nnd  compreTieislye  book;  K  «mbnioef  niflny  toploi^  and  cBtendS Of«r i  J 
wide  ftpbtfit).    0x14  Ttaof  Itrehiieato  theliiaMkseeof  theBmlii;  whOtJ 

the,  rtmajntn^  t»^  of  the  BiBeaaeei  of  the  Bnlnal  C<m].  th#  Ca«br9>J 

aptnal  HyAtetn,  th<  iphcralKerroa.^*— i7W<i«A  Jfi»(i<ail*/<nirnaL 

**  The  work  before  na  la  nnqaofitlonably  the  most  axhanatlTO  trtMtl^^  «ti  the  dlMnaea  to 
which  it  is  devoted,  that  baa  yet  ap|K(ared  in  EngUah.  And  its  dleUuetiw  mine  arltrea  fhum 
tbo  %ct  thiit  the  work  Id  no  mere  rajkHam«ni9  of  old  obBervatlmi»,  but  resEa  on  hit  own  es* 
pcrionet)  und  pnctlce,  which,  ni  webav0  belbM  nbaerved,  have  been  vefy  GSttonaiTO^^ — JmaK- 
oa»  Joufiuit  of  Syphilogmph^^ 

•*  ITie  aathor  of  this  work  has  attained  a  btffh  nmk  amotig  our  brethren  acanei  Khe  AtlaatVs  ■ 
ftwn  pc«Tfoni  labors  In  ryinnoctloD  with  Che  dlaotdiiirfl  of  the  dcitous  eyitcm,  m  vr^W  &§  ftoni 
variolic  other  oonti  nuHllcal  literature,  a&d  ho  now  hoJda  the  offlcLtl  nU  of 

P1i>»ldan  to  tbti  '  tu  llospiul  for  THstiaaea  of  the  Nerrooa  Bj!^^  ^^Asr 

of  the  atunedopnit  tU»Hu\nie  Hoftpltal  Medical  Colk^.    Theptxr  u  the 

Ihilt  of  tbe  o]q)«deu<  M>  thn-^  aoqntrad,  and  we  have  no  hesitation  In  pmnonnria^'^  it  i  fiM>«;  vnln- 
able  addition  to  onr  systematic  Utenitnrc.^*«-«(?J(U0(n0  Jfacfioal  JourfMt. 
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HOFFMANN. 
Manual  of  Chemical  Analysis,  as  applied 

to  the  Examination  of  Medicinal  Chernicuh  and  their 
Preparatiom^  A  Guide  for  the  Deiemdnation  of  their 
IdeMity  and  Quality^  and  for  the  Detection  of  Impuri' 
ties  and  Adidterntion^.  J^or  the  use  of  Pharmaceuttsts^ 
Physidcms^  Druffyists^  and  Many facturing  Chemists^  and 
PAarmaceutical  and  Medical  Students, 

By  FRED,  HOFFMANN,  Phil.  D. 

One  ToL^  8to.   EioMy  IHuttratdd.    Cloth,   Prlofl*  $8. 

arxooDDi  or  uxrBTEATtoirs. 


«"i<t  ai^  ir\T.'    It  in  fi  lioolc  which  vdW  ftncl  !ti»  pln*^p  tn  f"ver>'  niMllcnl  »uul  phur- 

DiJw^'i  t    Hhrary,  And  t*  a  nftJV- unfl  Instnirtivi' piiMe  to  modlcAl  Bturlootft  M»d 

pfactlLu.,.;^    .;  ..,,  ,,„_,„^ :'' — Afnf^ricnn^  Jmirnttl  nf  Si^ienc*  aud  ArU, 

In  Amoriim  this  work  haa  alrrwdr  mtt  with  ceneraJ  and  unqTinJIflwi  ap|>rovalt  iind  In  Ean»|itt 
to  oow  b«lnir  wekoinod  na  one  of  the  be&t  Knd  most  iniportmit  fiddlttons  to  modern  phArmaeea- 
tJa*l  aturahire. 

Send  for  descriptire  circiikr     Acldr€«« 

D.  APPLETON  &  CO.,  549  &  551  Broadway,  n.  Y.  City. 
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HOLLAKD. 
Recollections  of  Past  Life, 


Bjr  8IE  HKNKY  HOLLAND,  Bart,  M.  D.,  P.  K.  9„  K.  C.  Bv,  ©te^ 

Ptvildeat  of  Uic  BaytH  Initltatlon  of  QreAl  Brltatn,  FliftloiAii^iiOraiiiAiT  to  tbit  QH«ai« 

etc.,  etc, 

1  ToL,  I2mo,  S5l  pp.    Prioe,  Clath,  12.00. 

K  roTj  (SQtert&lalog  and  InitractlTo  DAmtlvGf  partaking  somawbat  of  Ibe  nature  of 
antoblofrmpbj  and  fot  dtidnct  from  It,  tn  tbli«  that  Ut  cblof  object,  at  alleged  bj  tb« 
writer,  la  Qot  so  maeb  to  rocotmt  the  eventi  of  bla  owm  lifla,  u  to  perform  the  offlco  of 
cbronider  tot  otben  with  wbom  be  came  in  contact  and  waa  long  ai locUted, 

The  **  Life  of  Sir  Heary  Holland  ^'  U  one  to  be  recoUoctod,  and  be  bai  not  erred  tn  giv- 
ing an  oQtlLne  ol  it  to  the  pQbl(c/*~7%«  Lamtt, 

*»Hi«  memory  wae— li,  wo  may  lay,  for  be  ii  etJll  illve  and  In  poeBesBfoii  of  all  bla. 
fkcaltlee—i tared  with  recollectiona  of  the  moit  eminent  men  and  women  of  thia  ceo- 
tarr,  .  ,  ,  A  life  eztendlni:  orcr  a  period  of  elgbty-fonr  yea  re,  and  paet^ed  la  the  moft 
actlfe  manner.  In  the  mldat  of  the  beet  eoclcty,  which  the  world  has  to  offer,  mnst  necea- 
aarily  be  ftiU  of  f  in^lar  iatoroit ;  and  Sir  Henry  HoiUnd  has  forhinatelv  not  waited  nntU 
bii  memory  lost  Ita  freabnett  before  recalllag  Bomo  of  the  Incldenta  in  \t.^*^Th£  Xew 
Tort  Timti. 


HOWE, 
Emergencies,  and  How  to  Treat  Them. 

The  Miology^  Pathology^  and  Treatment  of  AccidenU^ 
I>i8ea$eiy  and  Oases  of  Pouoning,  wfiich  demand 
Prompt  Attention,  Designed  for  Students  and  Prac- 
titioners of  Medicine, 

By  JOSEPH  W.  HOWE,  M.  a, 

GUoloel  Frofesaor  of  Surgery  In  the  Medloal  Deportment  of  the  UnlT«nlty  of  New  Tock; 

Tiiltiog  fiorgeon  to  Gharf^  Hoepltal ;  Fellow  of  the  New  Torit  Academy 

of  Hedieine,  eta,  etc. 

1  TOl.,  870.   Cloth,  $3.00. 


work  has  a  taking  title,  and  waa  written  by  a  g^atiemen  of  admewledged  «Ullty,  Ift 
;  la  the  prt>f<^Bsloii,  .  .  .  To  tbe  geaeral  praotltlonor  in  towna,  Tillagee,  tad  fs  ^ 
rhere  the  aid  aud  moral  aapport  of  a  eoatultstlou  cannot  be  tTBlled  of«  thJa  vo1iiid« 


•Thliworkl 
flB  a  void  f      " 

ooontry,  where  the  aid  aud  moral  aapport  i 

will  be  recognlied  aa  a  Talnable  help.    We  commend  ii  to  the  pr(i^MMloia.^OincititiaU  Lanei  t 
and  Otneri»r, 

'*  Thia  work  la  oertalnly  novel  in  ohaneler,  and  Ml  luefbhaeta  and  atoeptabllitT  are  aa  mariied 
aa  Ita  oorolty.  ,  .  .  The  book  la  confldentty  reoamm«oded.^*«iNcAi9Mmcia4id  SouisHiU  Mtd' 
teal  JouriuiL 

"*  This  voiaToe  la  a  practical  fllaatratlon  of  the  podtlTe  aide  of  tha  phyatdan*^  llAi.  a  eooatant 
reminder  of  what  be  i»  to  do  la  the  luddon  emorgendea  which  froquently  ooeor  ta  praetSeei 
.  .  .  The  author  ^raateo  no  worda,  but  derotea  hlmaetf  to  the  doacriplion  of  each  dlaetMWfif 
the  patient  were  under  hia  handa.  Beoanae  It  La  a  nod  book  we  reconuneDd  It  moat  heartily  to 
the  profeaaloii/*— JoffOTi  Medical  and  Sttrgioal  ^ntrndf. 

■^Thia  work  beeia  ertdenee  of  a  thonm^  praotloal  aoquointaiice  with  thf  (Wtr^rrat  branchoa 
of  the  prof^loD.  Tbe  anthor  aeema  to  puaaeaa  a  pecofiar  aptitude  fur  Impartuij;  lo«tra«(ioQ 
aa  wcU  as  for  aimpUfjrlii^  ttidloas  details.  ...  A  oareftU  pemaai  wiU  amply  repay  the  atndeat 
and  prucUttoaer^'  —  A««0  Tork  M«lioai  JbmmaL^ 
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HUXLEY  AND  TOUMANS. 
The    Elements    of    Physiology    and 

Hyg^ieiie.     With  Numerous  Ulnstrations. 

Br  THOMAS  H.  HUXLEY,  LL.  D.,  F.  E.  S.,  and 
WILLIAM  JAY  YOUMANS,  U.  D. 

Hbw  and  Bevued  Edition.    1  vol.,  12iiio.   420  pp,   $1.75> 

A  text-book  for  ediioatJOEal  instittitiona,  and  &  Tattiable  dementarj 
work  for  stadents  of  roedlcme,  Tha  greater  portion  is  from  the  pen  of 
Professor  Iliixley^  adapted  by  Dr.  Youmans  to  the  circnrnfltances  and 
reqtiirementa  of  American  edacation.  Tho  orainent  claim  of  Professor 
Hmley's  "Elemeatarj  Physiology"  is,  that,  while  mp  to  the  times,  it 
is  trostworthy  in  its  presentation  of  tlio  Bubject ;  whilo  rejecting  dis- 
oredited  doctrines  and  donbtfnl  Bpecnlattons,  it  embodies  the  latest 
Fesnlts  that  are  established,  and  represents  the  present  actual  state  of 
phystological  knowledge. 

**  A  TnloAblo  eolitrlbatlon  to  anfttomloal  and  ptajBtolosrlafll  aideaQa.''^^Reliffiou9  Tal^teop^ 
"A  clear  and  wcli-Airuiigied  work^  embrftdiig  ttie  Utest  dlAooTetlM  oad  ftooopted  thooriea." 
SuJTah  CofnTMrtial. 

**  Teaznia;  iflth  liifiiQiuticm  ooi»3«niliig  tha  tumun  phytloal  aDconoaij.^^-JWii4N(7  i/ffttr- 


HTTXLEY. 
The  Anatomy  of  Vertebrated  Animals. 

Bt  THOMAS  HEimY  HUXLEY,  LL.  B.,  F.  R.  S., 

AoitMV  of  **  Han's  Place  la  Katttr«,^*  "Od    tbe  Origin  of  S^^dMt^  *^Lay  Bormona  and 

Addresses,"  ato. 

1  vol.,  12mo.   CIoa^  t2.50. 

The  former  works  of  Prof.  Huxley  leave  no  room  for  doubt  as  to  the  impor- 
aoe  and  valae  of  hii  new  volume.  It  is  one  whioh  will  be  very  acceptable  lo 
I  who  are  interested  in  the  subject  of  which  it  treats. 
^  Th!i  tong<«xpected  went  will  ba  oordUlIy  welcomod  by  aU  atadeata  and  taachore  of  Com- 
^K%Uye  Aiiatomjr  aa  a  oorapaodloua,  reliables  a^*!*  notwithatandiog  Ita  amnJl  dlmetuto&a,  moat 
eomprabesalra  gutda  <m  tbe  aabjpct  of  which  U  troata.  To  (irolao  or  to  orftfetae  the  work  of  ao 
acoompUabad  a  maater  of  hla  fiiTOiito  aoloaoe  would  be  aqtially  oat  of  place.  It  La  enoagb  to 
i«y  that  tt  raillxoa,  Ui  a  ramarfcable  dograa^  tba  antiotpatloaa  wUob  baro  boaa  formed  of  It ; 
and  that  It  pr<?»aats  aa  extraordliiary  combination  of  wide,  gBneral  viawi,  wltti  tbu  clour,  accn- 
f«t«,  and  Bucdnct  itAtement  of  a  prodlglwu  namber  of  ijidlvtdcial  fiieta.**^ — yafart. 
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JOHNSON. 

The    Chemistry    of    Common     Life. 

Illustrated  with  numerate  Wood  Engravings. 
By  JAMES  F,  JOENSON,  M.  A^  F.  B.  8^  F.  G.  a,  etc.,  vro^ 

IssOior  of  " hMftmm  on  A«rUtallQni  Chemtftij  ft&d  Q«oiQff7«**  "A.  OitMhlini  of  A«ri9altni«l 

2  voU^  ISmo,  Cloth,  $3.00. 
It  haa  been  the  object  of  the  author  in  this  work  to  exhibit  the 
present  condition  of  chemioal  knowledge,  and  of  matored  Bcieiitifio 
opinion,  upon  the  subjects  to  which  it  is  devoted.  The  reader  wiU  not 
be  surprised,  therefore,  should  he  find  in  it  some  things  which  differ 
from  what  is  to  be  found  in  other  popular  works  already  in  his  handa  or 
on  the  shelves  of  his  library, 

LETTERMAN. 
Medical  Recollections  of  the  Army  of 

the  Potom4i€. 

By  JONATHAN  LETTERMAN,  M.  D., 

tftte  Suris«<m  U.  9.  A^  ind  Medloal  DlnHJtor  of  the  Army  <»f  ih«  BolocaMi 
1  vol.,  Svo,  1B4  pp.  Cloth,  $1.00. 
"  This  account  of  the  medical  department  of  the  Army  of  the  Poto- 
mac has  been  prepared^  amid  pressing  engagements^  in  the  hope  that 
the  labors  of  the  medical  officers  of  that  army  may  be  known  to  an  in^ 
telligent  people^  with  whom  to  know  is  to  appreciate ;  and  as  an  affec 
tionate  tribute  to  many,  long  my  zealous  and  efiScieut  eolleagQeSi  who, 
in  days  of  trial  and  danger,  which  have  passed,  let  us  hope  never  to  PS* 
tum»  evinced  their  devotion  to  their  country  and  to  the  cause  of  hu- 
manity,  without  hope  of  promotion  or  expectation  of  reward," — Ptrfom^ 

**  We  vetiiure  to  sssert  that  but  few  who  open  this  volume  of  tztedical  mnsli^ 
pregniint  il3  th<?y  sre  with  iDstniction,  will  cure  to  do  otherwiAe  than  finish  tbm 
at  s  aitting.'* — Mfdicat  Records 

^  A  graceful  and  a0eo tionate  tribute.**— JtT.  F.  MeduaU  JourruiL 

LEWES. 
The  Physiology  of  Common  Life. 

By  GEORGE  HENRY  LEWE8, 

AttU»>r  of  "*  B«uld«  BtQdlM,^  *"  LUb  of  GoetM''  «te. 

a  veil,,  ISmo*    Oloth,  $3.00. 

The  object  of  this  work  differs  from  that  of  all  others  on  popolar 
science  in  its  attempt  to  meet  the  wants  of  the  student,  while  meeting 
those  of  the  general  r^der,  who  is  supposed  to  be  wholly  unacquainted 
with  anatomy  and  physiology* 
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MAUBSLET. 
The  Physiology  and  Pathology  of  the 

Mind, 

By  HENRY  MAUD8LEY,  M.  D,,  London, 

AyiidiLD  to  tbe  West  Lotidoo  HwpltaJ:  HoDot«ry  MemNv  of  tho  ^fnlico  Pirchologleil  SoeSetgr 
of  Fwls  i  fonnerljr  B<s«SdeDt  Fbyudu  of  Um  lUQCb«st«r  Eoyal  Luaatic  uo«plttl|  oka. 

1  TOl.)  8t«,    442  pp.    OloU^  $3.00. 

Tbia  work  aimfl,  Ib  tbe  first  plaoc,  to  treat  of  mental  pheoomena  from 
a  phjsiological  rather  than  from  a  oetaphyaical  point  of  view;  and, 
fte<joiidly,  to  bring  the  manifold  inBtnictivo  instanceB  presented  by  tbe 
nnBonnd  mind  to  bear  upon  tbe  interpretation  of  tbe  obscure  problems 
of  mental  science. 

"Dr.  Haudalej  htm  had  the  courage  to  uodertake,  and  tbe  skill  to  execute, 
whit  is,  at  leiist  in  English,  on  original  enterpria**,"— Zont/on  SfUurdti^  lUvifw, 

*'  It  19  BO  full  of  Beneible  reflections  and  sound  truths  that  their  wide  didsemi- 
natioQ  could  not  but  be  of  benefit  to  all  thinking  peraons." — JP^ifchotoffiad  Journal. 

^  Unquestionably  one  of  the  ablest  and  most  important  works  on  the  subject 
of  which  it  treats  that  has  erer  appeared,  and  does  credit  to  hia  philosophical 
acumen  and  accuratu  observation." — Mrdiml  Rt^eord. 

"  We  lay  down  the  book  with  admiration,  and  we  commend  it  most  eameetiy 
to  our  readers  as  a  work  of  extraordiimry  merit  and  originality— on©  of  those 
productions  that  are  eyoked  only  oeeasionally  in  the  lapse  of  years,  and  that 
serre  to  mark  actual  and  very  decided  adtanoes  in  knowledge  and  science.** — 
N.  Y.  Mtdkal  Jcntmal, 


Body 


and  Mind  :  An  Tnquiry  into  their  Con- 
nection and  Mufufii  Influence^  mpecially  in  reference 
to  Jfenial  Disorders  j  an  enlarged  nnd  revised  edition 
to  which  are  added  JPsycholo^ical  Essays^ 

By  HENBY  MAUDSLEY,  M.  D.,  Londoi^, 

iUlow  of  the  Royal  CoDff^  of  Pliy»kians;  ProfeMor  of  Medical  Jurf*-- -  * -  TTalvprwltr  roJ. 

h^^  London ;  Pretldont-eJect  of  tho  M«llco-PflYcbol«^cal  Aaio-  ,  ^trv  MecnW  of 

tho  M«dk»-Fifeholo0oil  Society  of  Ptari^  of  die  Impwlal  Soi  i  .  ma  of  Vk-naa, 

■ad  of  tlM  SoctoCy  Ibr  tJio  Protnotloti  of  Piyclilatry  attd  Fwlji.,.    x,>,„..,otfy  of  Tlenaa: 
imooriy  BeiSdeat  Phyaidan  of  tbo  MaadliestAr  Soya)  Luoitlc  Anylum,  otc^  etow 

1  ¥ol^  19ino.    165  pp.    Cflotli,  $1.00. 

The  general  plan  of  this  work  may  be  described  as  being  to  bring 
man,  both  in  his  physical  and  mental  relationa,  as  mocb  aa  possible  with- 
in tbe  scope  of  scientific  inqnlry, 

"A  reproucntatiTO  work,  which  CTery  one  must  study  who  desires  to  know 
what  is  doing  in  the  way  of  real  progress,  and  not  mere  chatter,  about  mental 
physiology  and  pathology/* — Tht  Ijaneel, 

"It  distinctly  marks  a  step  in  the  progress  of  scientific  psychology.''— 7^ 
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MAUDSLEY, 
Responsibility  in  Mental  Diseases, 

By  henry  MAUDSLEY,  M.  D., 

fUknr  of  19m  Soiyil  OoUego  of  Physkitni,  Profcsstor  of  Medlcd  Jmitprodimeft  In  TTal 
Oolli(tt,  I«Bia&,  ela^  etc    Author  of  "*  Body  nad  Mind  *  *  Phyviok^  and  PMIuri^Ef  of  f[ 
Hflrroiu  Syitom.^ 

1  TOl,,  121110.   318  pp.   Clott^  $1.60. 

^*This  book  ba  oouipact  preaentfttion  of  those  facts  aiul  pHnciploa  nhleh  re- 
quire to  be  taken  loto  account  in  eslLmAtiiig  human  reispoiiBibilitj — uot  legal 
rwponsibility  merely^  but  re^ponmbilitj  for  conduct  io  the  familj,  the  school,  and 
all  phftBCd  of  social  relation  in  which  obligntion  enters  as  afl  elesMsnl  The  wodc 
h  iK'w  m  plaUf  ani  was  wiUten  to  supply  a  wIdelj-feU  want  which  hai  not 
hithei'to  been  met*' — Tha  Popular  JSci§nc6  Monihijf* 


MARKOE. 

A  Treatise  on  Diseases  of  the  Bones. 

Br  THOMAS  M.  MARKOG,  M.  D., 
ProftMior  of  dnrg^ry  la  ths  OoQcigit  of  F^yaldaw  wad  SargeoiM^  N«w  Tort,  «ta 

WITH   NUMESOnS   ILLU9TK ATIONS. 

1  foLt  8vo.    Cloth,  $i.6a 

This  Tftlnnble  work  is  a  tfeatifle  on  Bboaaeis  of  th«  Bones,  embfaciDg  liierr 
structural  changes  as  afi*e€ted  by  disessei  their  clinical  history  and  Ircatmeutf  t&> 
eluding  also  an  account  of  the  TaHous  tumora  which  grow  in  or  upon  th<4n.  Xoatr 
of  the  injunet  of  bone  are  included  in  its  acope,  and  nojamt  diseases,  excepting 
where  the  conditfon  of  the  bone  is  a  prime  factor  m  the  problem  of  disease.  M 
the  work  of  an  eminent  surgeon  of  large  and  varied  experience,  it  may  l>e  regarded 
as  the  best  on  the  subject,  and  a  valuable  contribation  to  medical  Uteniture. 

'*Tho  book  whtch  T  acyw  offtr  to  my  professional  brethren  eontabi*  the  tahctaae*  dti 
lectorvft  which  T  hiir«»  doHvered  during  th«!  past  twdve  yturtr*  at  the  colU»*jt».  .  *  .  I  hJifv  f 
the  lewMngn  of  my  own  et^cUea  and  obicnrndotis,  dw<»nin^'  Tn<rt*  o-i  thoK<>  1,rtlrll-^.^^  vu^^^  1 1 
B<>eD  and  fttndted  most,  and  perliaps  too  much  iiL>^locting  vth^  r 
nior«  1:>arT>3iu  and  thf^reibre  tome  less  luterestlDir.    I  huTi'  etiU< 

defidenclcs  of  nif  own  knowledge  by  th*  fhee  \lw  of  the  inaterkiJA  ?k»LLU«i  «U  *o  tii^lf  I 
ooi-  peilotJlcaJ  Ut(*r*tm^  wblch  waittored  Uitvc'i  It  It  the  Hirht  and  th*  duty  »f  th«  < 
wrttor  to  collect  sod  to  utnbody  in  any  aecmiot  be  OEty  offer  of  tbo  statt  <lf  a  Mltnce  at  aav  ftna" 
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MEYER 
Electricity  in  its  Relations  to  Practical 

Medidns, 

Bj  Bk.  MOEITZ  meter, 

Eo^al  Ootuii^^Ilor  of  HeiJth,  ete. 

^uiAlAted  froixi  the  Third  Qerman  EditLoiL,  with  17ote«  and  Additions, 
A  New  and  Revised  Bdltion, 

By  WILLIAM  A,  HAMMOND,  M.  D., 
PiQftHoroflMaeueaiir  the  HItMiuid  FtrrooBSTetem,  sad  of  Giluloftl  Moadn«v  io  the  BellOTtM 
HoiDltBl  Medkal  Colkcv;  Vko-IVQildeot  of  the  kc^tmy  of  M«iiUl  Sci«Bc«s  ^ftUooftl 
Isttttata  of  t«Uert,  Ar^  sod  ficietioes ;  Iste  SiuK<^oii-<lci)f  ni  IT.  S.  A^  «tc. 

1  TOlp  8to.  497  pp.  Cloth,  H.50. 
**It  is  the  duty  of  every  physician  to  Btudj  the  action  of  electricity, 
to  become  acquainted  with  its  value  in  tlierapentica,  and  to  fallow  the 
impravemenU  that  are  being  made  In  the  apparatus  for  its  application  in 
tnoJiciue,  that  he  may  be  able  to  choose  the  one  best  adapted  to  the 
treatment  of  individual  oases,  and  to  test  a  remedy  fairly  and  without 
prejudice,  which  already,  e«pecially  in  nerroni  diseases,  has  been  used 
with  the  beat  reanlts,  and  wiiich  promisea  to  yield  an  abundant  haireft 
in  a  still  broader  domain^' — From  Author's  Pr^a^a, 


0uctoo*SttlngfaKi0ei)  Appuvihii. 

**  Thoi«  who  do  not  rend  Oemmn  are  under  prent  oblipationa  to  William  A, 
HaiTinioiid,  who  baa  piven  them  not  only  im  excellent  trftnektiott  of  a  m<Mt  e^ 
cdlent  work,  but  has  gircn  «s  much  valuable  mforniation  and  many  sQggiestio&fl 
from  his  own  personal  experienoc"— ^VtvfiVaf  Hecord. 

**  Dr.  Morit/  Meyer,  of  Berlin,  haa  been  for  more  than  twenty  year*  a  laborious 
and  conidentiouA  student  of  the  application  of  electricity  to  practical  medidne, 
ind  the  pemiUs  of  his  Ubofi  are  given  in  this  vohime.  Br.  Hammond,  in  making 
a  tfsiudation  of  the  third  German  edition,  has  done  a  rea.1  eenriec  to  the  profession 
of  tHs  country  and  of  Great  Britiiin.  Plainly  and  concisely  wrUtcn,  and  simply 
and  dearly  arranged,  M  eontains  just  what  the  physician  wants  to  know  on  the 
■B^ect"— .v.  F.  .\fftliral  Jmtmal 

**  It  is  destined  to  fill  a  want  long(^U  by  phyildans  in  this  eoontry.**— Jiit*m«i 
0/  Ob^Hrka, 


so 
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NIEMEYER. 
A  Text-Book  of   Practical   Medicine, 

With  Particular  Reference  to  Phys^iology  and  Patho- 
logical Anatomi/. 

hj  the  late  Dr.  FELIX  VON  NIEMEYER, 

TfibliirBti. 

TrajulAtod  from  the  Eighth  Gorman  Edition,  by  Bpedal  iwirmrlarton  of 

tho  Author, 

By  GEORGE  H,  HUMPHREYS,  M.  D., 

tMM  ID*  0f  Ui«  FbrvkSiD*  to  tbe  Bnre^ii  of  Medlod  and  Snc^lnl  B^tlkit  ftt  Billtra«  Hfl^ptel  tm 
tb«  OuUoor  Foot ;  FeUow  of  ihm  Hew  York  Aeidamjr  oT  M«didM,  flte.. 

And 

CHARLES  K   HACKLEY,  M,  a, 

Od0  of  Iba  Tlmlcliuu  to  Uw  New  Tark  HospitiJ;  <ui»  of  the  SorgvoDi  to  the  lV«ir  T«k  ^ft 
ftDd  Bv  loflnxutfy;  FdJow  of  tbe  New  York  Aeedamjr  of  Medlelna^  ete. 

BdYlted  Edition.   2  Toli.,  8to.    1,528  pp.   Cloth,  $9.CX1 ;  Sheep,  tlLOO. 

The  author  ondertakea,  first,  to  gtYe  a  picture  of  dis^a&e  which  shall 
be  as  lifelike  and  faitiifvil  to  Dature  as  possible,  inatead  of  being  a  mere 
theoretical  scheme;  secoodlj,  so  to  utilise  the  more  recent  advances 
of  pathological  anatomy,  physiology,  and  physiological  cheraUtry,  as  to 
famish  a  clearer  insight  into  the  various  prooeeses  of  diseaae. 

The  work  has  met  with  the  most  flattering  reception  and  deserred 
•Qooeas;  has  been  adopted  as  a  text-book  in  many  of  the  medical  collegia 
both  in  this  country  and  in  Europe;  and  has  reoeived  the  very  bigliwt 
encomiums  from  the  medical  and  secular  press. 

"  It  is  ootDproheasiTe  and  eODoisef  and  is  characterised  by  ****-?****  sad 
originality/' — Dnblin  Qttarttrly  Journal  <>/  Medidne. 

*'  Its  author  is  learned  in  medical  ^berature ;  he  has  arranged  his  materisls 
with  care  and  judgment,  and  has  thought  over  them/^ — 7^^  Lant€L 

"As  a  full^  systematic,  and  thoroughly  practical  guide  for  the  fltudeal  and 
phjsioian,  it  is  not  excelled  by  any  simUar  troadae  in  any  laognage.** — Appidamt 
foumal, 

"  The  author  is  an  accoinpli^hed  pathologist  and  practical  physician  j  he  la  not 
enly  capable  of  appreciating  the  new  discoven^,  whioli  during  the  last  ten  years 
hav'o  been  ttnusqaj^y  numerous  and  imporun  lie  and  practical  medicine. 

but,  by  his  cliidoal  ei^NuieDoe^  he  can  put  tb  ^rs  to  a  practical  test^  aad 

give  judgment  regarding  theaL**—jKllA6tfi^/i  ^u^^i'ui  ^uumal. 

**  From  its  general  exoelleDoe,  we  are  deposed  to  Uunk  that  it  wilt  soon  taks 
its  pUce  among  the  recognised  tesct-books.** — American  QtMHerl^  Jttumal  of 
Mmical  Scieneea, 

"The  first  inquiry  in  tMs  country  regarding  a  German  book  generally  iv  *!• 
it  a  work  of  practical  Falue  ?  *^  Without  stopping  to  consider  the  justness  of  ths 
American  idea  of  the  ^practicaV  we  can  unhesitatingly  answer,  Mt  Is  T  ^' — AVw 
York  MfdUal  Journal. 

"  Tlie  author  has  the  power  of  sifting  the  tares  froni  the  wheat— a  matter  of 
the  greatest  importance  in  a  text-book  for  Btudents/'^J9n/tM  Medical  JovmcU, 

^^Whaterer  exalted  opinion  our  countrymen  may  have  of  the  author  a  talmSi 
of  observation  and  his  practical  good  sense,  his  texM>ook  will  not  dlaippotnt 
them,  while  those  who  are  so  unfortnaate  as  to  know  him  only  by  name,  hare  m 
i«m  a  rieh  treat'*— Ar«t9  York  Midical  Ei<wd 
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NEITMANN. 

Hand-Book  of  Skin  Diseases. 

By  Dr.  ISIDOR  NEtMANN, 
Lecturer  on  SkUi  Dlscfues  in  tlie  Bojol  CnWersttj  of  Tlenna. 

Srftiulated  from,  advanced  ahoets  of  the  •aoond  edition*  famished  by  tliA 
Author ;  with  Kotes, 

By  LUCIUS  D.  BULKLET,  A.  TL,  M.  D.» 
garMoQ  to  Ihe  'Sew  York  DUpcnsftTT,  DfipArtmcnt  of  Venereal  and  Skin  DImmh  ;  Alitt^ 
ant  to  tlie  Skin  Clinic  of  theCoiJ^go  of  Phytlclana  and  SurgmniB,  New  York;  Moi^ 
ber  of  the  New  York  Demwitologicjil  Society,  ete.,  etc 

1  Tol.,  8to.   AbQut  4$0  pa^ei  and  BS  Woodcnts.    OloUi,  $4.00, 

•raODCSN  OF  IIX1T«TB4TI01Ti. 


Section  of  ikin  ftom  a  bald  heJid. 

Bror  KeumAnn  nnkH  second  only  to  Hohm,  whoK't  a.^elstant  tis  wai  for  maoy  yean 
•nd  tilB  work  may  hd  cou  side  red  ai  a  fair  exponant  of  the  Q«irDiU!i  practice  of  Dermatol» 
gy.  The  book  U  nbnndautly  Ulnttnitcd  with  platea  of  the  htetoloey  and  pntbology  of  tli« 
ikliL  Tho  iranalAtor  has  oadearorod,  by  meani  of  notei  from  FreiU)^  KngU^b,  and  Ameii- 
ean  BomrccSf  to  mako  tbo  work  valaable  to  the  ttndaEit  a»  wcH  as  to  tbe  practttloneT. 


"  It  iB  a  work  wblch  I  ahatl  heartily  n?cominettd  to  mj  clssB  of  Btndentt  at  Ibe  Uni^ep- 
•Ity  of  PennfjFlviioLa,  and  one  which  I  feel  rufo  will  do  much  toward  enJIgbiealng  tho  pro* 
fbBilon  on  tbi<4  pnhject."— lotti*  A.  IhjJirinff. 

**  I  know  U  to  be  ft  i^ood  book,  and  I  am  sore  that  tt  Ib  well  trani«tated:  and  it  Is  Inter- 
•ating^  to  find  it  lllufltTated  by  references  to  the  Tiowa  of  co>]aborerB  In  tbe  same  flcld."*^— 
Mtnumm  WU«m. 

"  So  complete  as  to  render  U  a  tno«t  nseftil  book  of  reference,"— 71  McOaU  Andermit, 

"There  ceriftlnly  Ifl  no  work  extant  which  deal*  bo  thorooijhly  with  tho  Patholc^cal 
Anatomy  of  the  Skin  a^  doeft  ttii€  hand-book/'— A^.  F.  M^dicat  ]^toor<i. 

**Tbe  ortgloal  nMa^  by  Dr.  Bulkicj  are  rery  practical^  and  are  an  important  a^Jaoct  io 
the  test    «    .    ,    I  aniLcipato  for  it  a  wide  circnlatlOD/*— <SSUa«  Dwktt,  BmUm. 

"  I  bftvc  already  twice  expr«>«i«d  my  favorable  optnion  of  Ibc  book  in  print,  and  am 
glad  thai  it  la  given  to  the  public  at  lsit."^i./dy/i«f  C.  WAiU,  Boston. 

"More  than  two  Tcar*  ago  we  noticed  Dr  Noamann*i  admirable  work  In  ItB  oriirlna] 
■hape;  and  we  are  tuen^fon?  absolved  from  the  necvsaity  of  #aying  tnort!  tban  to  repeat 
oojr  Btroog  reeoramendatloD  of  It  to  BngU^h  n^en."—PracUti(m€r. 


2?.  Appkion  &  Co.U  JUhdtical  Publicatior^ 


NEFTEL. 

GalvanO-TlierapeutlCS.    Ths  Physiological  and 

Thera^miiwal  Actum  <*f  the  Galvanic  Current  upon 
the  Acousticy  Opticy  St/mpath-eilc^  and  Pnsumoga&trio 

By  WILLIAM  B.  NEFTEL. 
1  Tol.,  12mo.    161  pp.   Glotli»  11*50, 

This  book  haa  beoD  pwbliHbed  at  the  reqiieBt  of  several  anral  sur- 
geons and  other  professional  gentlemen,  and  is  a  valnahle  treatise  on 
the  aubjeota  of  which  it  treats.  Its  author^  formerly  rial  ting  physician 
to  the  largest  hospital  of  St.  Petersbarg,  has  had  the  very  best  faoill* 
ties  for  investigation. 

**  This  little  work  shows,  as  fur  as  it  goes^  fttll  knowlMlge  of  what  has  been 
done  on  the  subjects  treated  of,  and  the  aotbor's  practical  acquaintaoce  with 
them.^^'— JVino  Fcrk  Mfdical  Journal. 

"  Thoae  who  use  dectricUy  should  get  this  work,  and  those  who  do  not 
should  peruse  it  to  le&rn  that  there  is  one  more  therapeutioal  agent  khat  they 
could  and  should  possess/^ — The  Medical  hvemiigaiiir, 

NiaHTINQAI-R 
Notes  on  Nursing:  what  it  island whatUumt 

By  FLORENCE  NIGHTINGALE* 
1  ToL,  ISmo.  140  pp.  Olothf  75  oents< 
Evdry-day  sanitary  knowledge,  or  the  knowledge  of  nursing,  or,  in 
other  words,  of  how  to  put  the  constitution  in  such  a  state  as  that  it  will 
have  no  disease  or  that  it  can  recover  from  disease,  takes  a  higher  phioe. 
It  is  recognized  as  the  knowledge  which  every  one  ought  to  have— dis* 
tinot  firom  medical  knowledge,  which  only  a  profession  can  have. 

PEREIRA. 

Dr    Pereiras   Elements   of   Materia 

Medioa  and  Ilierapeutics.  Abridged  and  adapted 
far  the  Use  of  Medical  and  Phamiacetttiml  Pradi- 
tioners  and  StudentSj  and  comprising  all  ths  Jfedi- 
dnea  of  the  British  Pharmacopmiaj  with  ^uch  others 
as  are  freq^ienily  oi'dei^d  in  Prescr^ttonSj  or  r^ 
quired  hj  the  Physician* 

Edited  by  ROBERT  BENTLEY  and  THEOPHtLtTS  REDA?OOD, 

ITsw  Edition.   Brought  down  to  1B72    1  ToL,  Bojal  Bto.   Cloth,  17.00  j 
Sheep,  SB. 00. 
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PEASLEE, 

Ovarian    Tumors  ;    Their  PathoUgy,  magnmU, 
and  Treatment  J  with  reference  especiaUy  to  Ova/riotmny. 
Bj  E.  R.  PEASLEE,  M.  D., 

FnyfiMor  of  DtMnaea  of  Wofntn  In  Dttrtmoath  CoU^fre :  otiA  of  tbe  OoniultSog  flweleliiui  to 
tb«  New  York  Btat«  Woinjui^BH<»p4tiil;  tormerW  ProftoMCMr  of  ObfltotiioR  and  DUnuet  of 
Womflfl  In  the  N«w  York  Medical  Oollegi) ;  GorrfkApoiidlaff  Member  of  tlia  Qbcletrical 
Bocdetyflf  Berlin,  Ota 

1  vol,,  Sto,    BliutrAted  with  many  Woodcuts,  and  a  Stoel  EngraYtng^  of  Dr. 
£.  MeBowell,  the  *' Father  of  Orariotomy/*   Price,  Cloth,  $5.00. 

Tbli  ralaabte  worlc^  embriieliig  the*  re»iiltJB  of  manjr  yean  of  flocoeaaftil  expeiianoft  ta  Che 
department  of  iivblch  it  treats,  vrlU  ftme  roost  acceptable  to  the  entire  prolbiaiOD ;  wlille  the 
hlj^h  BtandlDji,^  of  the  author  and  hia  knowledge  of  the  anbjeet  eombloA  to  make  the  bo>ok  tbe 
bctst  In  tbe  language.  It  is  divided  Into  two  parte :  the  firat  treatkig  of  Ormiiati  Tamers,  their 
anatonay^  pathole^,  dUgtto»K  and  trentnicnt,  except  hy  extirpation;  the  aeeond  of  Orarlot- 
omy.  Its  blatory  and  statistics,  and  of  the  operatioD.  FdIIj  lllnstmtod,  and  ahonndlng  ^Ith 
tnfonnatloQ  tbe  result  of  a  prolonged  study  of  the  sabJ^ct,  the  work  abonH  be  In  the  baoda  of 
oTery  physician  In  the  oonntty. 

The  following  are  some  of  the  opinions  of  the  prMa,  at  home  and  abroad,  of  this  great 
work,  which  baa  been  Jnstlj  styled^  by  an  eminent  eritia,  "  ^m  moai  oompltU  meJIoal  monch 
graph  on  apratiical  mtb^eet  ever  prcydueed  in  ftia  country.'^ 

**  His  oplnlotiB  opott  wbnl  othem  bnrfi  advised  are  clearly  set  fbrth.  and  are  as  Intereitlnff 
and  Important  as  are  the  propositions  he  ha«  hioiielf  to  advance ;  while  there  are  a  Ikvabnets, 
a  vlitar,  an  aotboriiy  abont  hia  writing,  wbleb  great  pnetical  knowledge  alone  can  oonAir."— 

•  d  with  the  resppct  dne  to  tbo  groat  ropn- 
aa  maatera  of  tbelr  art,  but  as  ck^'ar  and 
vctitioiMJr  will  find  the  frwita  of  rich  expe- 

. „ . ,  .  weis-btiinnced  Jndgioont.    A»  England  is  proud  of 

Welk,  so  may  America  wefl  be  proud  of  Peaslee^  and  tbo  great  world  of  adenoe  may  oe  [iroud 
of  both-'*— iWWM  3f«4ieal  Jifumul. 

^Thls  Is  sn  cxiH'UeDt  work,  ftnd  doea  ffreat  credit  to  the  Indastty,  ability,  aclonce,  and 
leAmtug  of  Dr,  Fi  asl«io.  Few  works  l«ue  from  the  roedical  preas  so  complete,  so  ejLbanstire- 
ly  IcAratiil,  so  iiubued  trith  a  practical  tone,  without  losing  other  enbstantial  good  ^naUtles." 
— Edintnir{^  Mediatl  Journal. 

"  In  doelng  our  roTlow  of  this  work,  we  cannot  aTold  lufaln  expresstng  our  appreelatf on  of 
the  thorongh  study,  the  can? Ail  and  hoDc^t  statemeots,  and  candid  spirit,  which  ebancterlxe  it 
For  tKeutB^f  ihs  tivd^Ht *re  thmild  gir^  the  prtfirmuM  to  Dr.  Pta*lM"9  work,  n&t omiy 
from  itt  ticmpl«Umv»^  but  from  iU  mor^  mstkodioai  arrangem^fttJ*—Ameriean  JounuU 
qf  Msdieai  Seitnesa. 

*^  Dr.  Feosloo  brings  to  the  work  a  tboronghncaa  of  study^  a  fluntllarity  with  the  whole 
field  of  histology,  phyelolog^',  pathology,  and  pnicdoal  gynoNriology,  not  exoclk^l  i>erbap»f  by 
tboae  of  any  man  who  ever  p^^rforma  the  operation," — Medical  Ii^j>rd. 

"  If  we  were  to  wetcct  a  single  wonl  to  express  what  we  reganl  as  the  highest  eiceUeuoe  of 
this  book.  It  Avould  be  its  thoritugftnfM.'''' — Arfu?  York  Jffdicai  Jouraat. 

"  We  deem  Hr  rarefbl  pemsiu  ludlBpt^nsoble  to  all  who  would  treat  ovarhia  tumors  with  a 
good  oooftoJence/* — Amrrtvnn  Jaurtuil  of  ObiUtrie^ 

**  It  shows  prodijurul  industry,  and  emtK>dioa  within  its  five  hnndrod  and  odd  Mffoa  nrettr 
Rinoh  all  that  e^eins  ^vorth  knowing  on  the  subject  of  ovartan  dlseasee.**— i'AilcKlafyMia  Jf«elf» 
eal  Timet, 

"  Groat  thorou^hnees  is  shown  la  I>r.  Peasloe^s  treatment  of  aU  the  details  of  this  very  ad' 
mimblc  vfot\kJ"'^Bmion  Medical  and  tSuroicat  Joumak 

"  It  is  a  necessity  to  ev«ry  surgeon  who  expeeCa  to  treat  thia  dlsease^*^— X«avM«oorlA 
MidiMi  Berafd. 

**  ladiapeD  sable  to  the  Ameriean  student  of  gyuBeology.**— P(io{;Co  ,lftrf<ml  ond  ^trffioat 
Jbvmal, 

**  There  ia  not  a  doubtful  point  that  could  occur  to  any  one  that  is  not  oxptainod  and  an- 
swered In  the  most  satijAotory  mannar ,^ —  Virginia  Ctinical  JtMord, 

♦*  The  work  Is  one  the  profession  should  priic ;  one  that  oTOry  eamoet  practltlaner  should 
poBWM,*'— (iVt>rf7^ii  Mtdical  Oc»npan4on. 

''  I>r.  F«a»leo  liujs  ochlewd  a  socccsa,  and  the  work  la  one  whieh  no  practical  enrgeoa  ou 
afford  to  be  withouU*^— JTa/m^/  frvet4ttga4or. 


*"  Both  Wells's  and  P^aale«*i  works  ^^ 
tation  and  skill  of  their  authort.    Both 
graceful  writers.    In  cither  work  tho  p^ . 
rience,  of  earnest  thought,  and  of  stenily. 
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SAYRE. 

A  Practical  Manual  on  the  Treatment 

of  ClulhFooL 

By  LEWIS  A,  SAYRE,  M.  P., 

Ptofoflior  of  Ortbopodk  Buzgery  In  BeU^roe  no«pltAl  Medical  OoDcfs;  Bmfeoo  1»  Btlkviit 
imd  Cliuity  Uocpltalo,  ot& 

1  ToL,  18mo.   Vtw  tad  Snlu]^  Edition.   Cloth*    $1.00. 

**  Tbe  object  of  Ihifl  work  ia  to  conTej,  in  as  eonci^e  a  miLiiDer  as  pombk, 

all  tbc  practical  inrormaiion  and  instrucdoQ  necessarj  to  enable  the  genera] 

practitiotier  to  apply  that  plan  of  treatment  which  hafi  k^ecn  as  suocesaful  in  007 

own  bandft.** — Prtfaee, 

"^The  book  will  verr  we]]  e«tbfythfl  waoti  of  the  m^torttf  ofgeiMnl  ] 
wlkot*  Dse^  M  stated,  it  u  tiit«Qd«d." — Nme  York  Mtdieai  JimmaL 


On   Foods. 


SMITH. 


By  EDWARD  SMITH,  M.  D.,  LL.  B,,  F.  R-S,, 
Fellow  Df  the  BoyaJ  Co11«g«  of  Phyflkluu  of  LoDdoOf  etc^  etc 
lyol.,  I2mo.   Glotli,   Frioe,  §1.76. 
Since  tlio  issue  of  the  author's  work  on  "  Practical  Dietary,"  he  bM 
felt  the  want  of  another,  which  would  embrace  all  the  generally-known 
and  less-knowQ  foods,  and  oontain  the  latest  scientific  knowledge  re- 
s|)ecting  them.    The  present  volume  is  intended  to  meet  this  want,  and 
will  bo  found  nsefnl  for  reference,  to  both  ucientifie  and  general  read- 
era.     The  author  extends  the  ordinary  yiew  of  foods,  and  includes 
water  and  air,  since  they  are  important  both  in  their  food  and  sanitary 
aspects. 

STROUD. 
The  Physical  Cause  of  the  Death  of 

Vhrist^  and  iU  ReJatwns  to  the  PHtwij?lee  and  Prac- 
tice of  ChristmnUy, 

By  WILLIAM  STROUD,  M.  D. 

With  a  Letter  on  the  Bnljoet* 

By  Sia  JAMES   Y.   SIMPSON,  Bart.^M.D, 

lyol.,12mo.  422  pp.   Cloth,  $2.00. 

Tliia  important  and  remarkable  book  13,  in  its  own  place,  a  masterpiece,  md 
will  be  conaiderfd  aa  a  standard  work  for  many  years  to  oome^ 

Tti0  ptindiml  pofot  Inflicted  opon  tii,  tbat  the  desftth  of  Christ  woa  c&tued  by  nmtuiNft  or  kpflf^ 
dttoii  of  iJhe  bmuri.  Sir  Jsmc«  Y.  j>itDpftoii,  who  iud  rend  the  aiatbor't  tra^tiae  x&o  nilow  «MD> 
ihKnl*  oil  tt,  e^jvr^is^d  himself  I7er7  |)0«ItlYel|  In  Ikrorof  the  tIcwi  malntailKd  \ri  Dir,  Stromd. 
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SIMPSON. 
The  Posthumous  Works  of  Sir  James 

Young  Simpsofhy  Bart.^  M,  D.    In  Three  Volumes, 

Volume  I. — Selected  Obstetrical  and  Gynecological  Works  of 
Sir  James  T,  Simpson,  Bart,,  M.  D.,  D.  C,  L,  late  Professor  of  Midwifery 
lo  the  Unlrensity  of  Editiburgh.  Containing  the  Btibritancc  of  bijs  Lect- 
ures on  Midwiferj,  Edited  by  J.  Watt  Black,  A.  M.,  M.  B.>  Member  of 
the  Royal  College  of  Physicians,  London ;  Phji^ici an* Accoucheur  to  Obar- 
{nf  Oroatt  Hospital,  London  ;  and  Lecturer  on  Midwifery  and  Dtseoaea  of 
Women  and  Children  io  the  Hoj^pital  School  of  Medicine. 

itoL,8to.  asaspp.  Gioth,  $3,00, 

This  iroliiine  contains  all  the  nioro  important  of  tlie  contrilmtlona  of 
Sir  Jnniest  Y.  Simpson  to  the  stady  of  obstetrlca  and  diseases  of  woixieti, 
with  the  exception  of  bis  clinioal  lectures  on  the  latter  subject,  wliich 
will  shortly  appear  in  a  eeparato  volnme.  This  first  volume  contains 
naany  of  the  papers  reprinted  from  hia  Obstetrio  Mtunoira  and  Oontri- 
butiona,  and  also  his  Lecture  Notes,  now  published  for  the  first  time, 
oontflining  the  substance  of  the  practical  part  of  his  course  of  mid- 
wifery. It  is  a  volnme  of  i^reat  interest  to  the  profession,  and  a  fitting 
raemorial  of  its  renowned  and  talented  author. 

'*  To  11UU17  «f  imr  rai>dor«f  doubtless^  the  chief  of  the  pap«n  It  oootalnt  ar«  fiimLLiar.  To 
others,  n1tbnuii;h  probably  thoy  m»y  b«  aware  that  Sir  Jftmcs  Sliiifi«on  Iiha  written  ou  the  aub- 
I  ;]Kra  tbemMlvM  wlE  be  now  and  lh»h.    To  tlie  first  daw  we  would  roco«nm«iitf 

;  :  Sir  Jamos  Sfm|;iaoa*#  works,  as  a  TiUuAble  voiume  of  ret^D(?e;  to  the  latter,  at 

fj  1 1  the  works  of  a  great  matber  and  Improver  of  his  art.  the  study  of  which  coaaot 

fku  to  niake  tbom  botter  prepared  to  meet  and  OTeroonie  Its  dlfflealtles."— ifech^coJ  TVffiM  and 

Volume   TL—AncBstheaia^   Ho^UalUm^  etc.      Edited   by   Sir 

Walter  Sihfson,  Bart. 

1  TOL,  Svo.   fiSOpp.    Cloth,  13*00, 

**  We  lay  of  this,  sa  of  the  flrat  rohime,  that  It  should  And  a  place  on  the  table  of  oTttry 
ptaetlttoDer ;  for,  tboug h  U  Is  pstobwork>  eaob  plooe  msy  be  picked  out  otid  studied  with  plooe- 
on  tad  profit^ — Tht>  Latie^t  {Londcn).  « 

Volume  XIL—The  Diseases  of  Women,    Edited  by  Alkx,  Simp- 
son, M,  D,,  Professor  of  Midwifery  in  the  Uniyersity  of  Edinburgh. 
1  yoL«  Sto.    Cloth,  $8.00. 
One  of  the  best  worka  od  the  auhjuct  oxtiuit.    Of  inestlmAblo  raluo  to  oTory  physkdaiL 

SWETT. 
A  Treatise  on  the  Diseases  of  the  Chest. 

Being  a  Course  of  Lectures  ddwe}^  at  the  New 
York  Bbspital, 

By  JOHN  A.   SWETT,  M.  D., 
Flrol^or  of  the  Institutes  And  Ptuctlee  of  MedJdoe  In  the  New  York  TTnlrorslty ;  Phystdao 
lo  the  New  Tork  Hospital ;  Member  of  the  New  York  Patholo^o&l  Society. 

1  vol.,  ivo,    AST  pp.    $3,60. 

Embodied  la  tills  TDlame  of  leetm^  Is  tite  Dxpedeaoe  of  ten  yean  Is  hospital  and  pilirtta 
praetlfii^ 


26 


D.  Appkton  (k  Co,U  Medical  PubliccUiaris, 


SCHKOEDER 
A   Manual  of  Midwifery,     in<^mding  th$ 

Pathology  of  Pregnancy  and  the  Puerperal  State* 

Bj  Dr.  KARL  SOimOEDER. 

Ftofta«ororM14iv1fet7  uid  Dl/«cUit- of  tho  Ljla^ln  TuBtltutioD  lo  the  UBlTflnttfof  £rlnff«Bi 

Tt&nfllAtad  from  the  TMid  Oenn&n  BdlUon, 

By  OHAS.   H.   CARTER,  B.  A.,  M.  T>.,  B.  8,  Lond., 
MoD^baf  of  tib»  Boyal  CoU«g«  of  Phy8lciaQ^  Loodoo,  and  Physldw  AeooaebaiU'  to  dt  0«oi|i»X 

Wi^  Tvdnty-^iz  SmgiftYlAgf  on  Wood.   1  voL,  8to*   Ckth. 

"*  Thti  tntnBlatur  feeli  that  no  apolocT  >■  needed  In  ofteriag  to  th«  prafbsslon  « trtmhflifln 
of  Sdiroedei^B  Mimiul  of  MldwUbiy.  Tbo  work  la  well  known  in  Germaoj  ud  estAilvt^ 
used  u  n  textbook ;  it  hM  nljoMy  raecbcd  a  third  odltkm  wttldn  th«  ihori  apue  "f  two  >w«, 
ftnd  it  te  bopod  th&t  Uie  preeent  tnuiibitlon  will  meet  the  wnot,  loo^r  felt  in  thU  oooatf^^  «f  n 
manuAl  ofiiudwiftvy  ambnciog  the  Ikteet  adeotiac  roftcerdtet  on  the  sabjeot 

TILT. 
A  Hand^Book  of  Uterine  Therapeu- 

tioa  mid  of  DUease^  of  Wometh* 

By  EDWARD  JOHN  TILT,  M,  D., 

Hamber  of  the  Boral  College  of  Pbjalclani ;  Oontaltlc^  r!iy»lclao  to  the  Ftntofdon  Geoenl 
DlipADUcy ;  Fellow  of  the  Boyal  Medical  ood  Chlnu^cal  Societf ,  Aiod  of  eerend  Britllh 
■ullbn4(pi  Midetlae. 

1  YoL,  8vo.    845  pp.   Cloth,  S3.50. 

Seoond  AmericAD  edltioD,  thoroughlj  rerifiod  Mid  Amended. 

»Ing:lvtn|thenii2hofhiilftbarfttotlieprofbMloo  th#mthorliM  On* 

refiderB  will  flfid  lt«  pi^«  Teiy  Intereedtii;,  and,  nt  the  end  of  thftr  tuk,  wlU  IM  ffnit«flit  to 
the  ftathor  Ibr  many  Tei7  Suable  eugiffeeBona  at  to  the  tveetznent  of  mtiriBe  dtoeeees."— TV 

"Dr.  TUt'i  *EjU)d-Book  of  Uterine  Tbempratlci*  auppUoa  a  wntit  whkh  Iuk  often  b«ia 
feM.  ...  It  amr,  thtrcfore,  \ks  read  oot  only  with  pk»stiro  snd  i&Jtruotlagit  tmt  wUI  ibo  b« 
found  ymj  nwAxI  u  n  book  of  roror«noo.**'7%«  Maaioal  Mirror* 

"  Seooifcd  to  none  on  the  Uiervpoatke  of  uterine  dlMtae.**— Jbumo/  ^  ObtMrim^ 

VAN  BUREN. 
Lectures  upon  Diseases  of  the  Rectum. 

Delivered  at  the  BdJ^uue  Hoqnial  Medical  CdUege, 
Stmhn  of  1869-'70. 

By  W.  a    VAN  BUREN,  M.  D., 
Proilueor  of  the  Prlndplca  of  Snwery  with  IMjte&aoa  of  the  Oentto-UriAttry  Or  -  the 

B«nom4»  UoapTtnl  Medical  CoEegc  \  one  of  the  Consul tlnff  Sormcia  or  Iho  :  folk 

pital,  of  the  Bellerae  Tlovpltat ;  Member  of  the  New  York  Acedeoir  of  >     :  r  the 

PWhologteel  Society  of  New  York,  «tc^  etc. 

1  ycL,  llSmo.    164  pp.   Cloth,  il.60. 

^  It  iMma  hardly  neooMuy  to  moro  thiLn  m^iDtlon  the  name  of  the  tiothor  of  thl«  ndmlrmbte 
Uttie  yd1tui]»  ta  order  to  Insure  the  cbArfu:;t4^r  of  hii  book<  Ko  one  in  tht5  ooantrv  hof  <<roiov<^ 
GT^^i^r  advantafoi,  and  bad  a  more  ejctensty^  fleldof  obeerratleD  to  this  apodaltr.  tbnii  \)x- 
van  Bnrefi,  ana  no  one  baa  nald  the  aame  amoont  of  attcotion  to  the  cnt^t  ...  Hero  it  (h* 
wpartaDQo  of  7«Ar9  laniiDod  op  ud  ^rm  to  the  profbsalonal  world  Id  a  plate  sod  practical 
manner."— /'^fcAoto^cu/JottrHfl/, 


I),  Appleton  db  Co.^9  Medical  PutlicadotiS,  27 

VAN  BUREN  AND  KEYES. 
A  Practical   Treatise  on  the  Surgical 

Diseases  of  the  GenitQ-  Urinary  OriianSy  including  Syphi" 
lis,  J>fMgned  as  a  Manual  for  Students  and  I^actUion- 
ersn      With  Enyravinys  and  Causes. 

Br  W.  H.  VAN  BUEEN,  A.  M,,  M.  R, 

PtoftMor  of  IMjif<in1««  of  Sutf  eir,  wltli  DtMMM  of  th«  Getato-Uit&irr  STitom  ud  GBbW 

Boiyeij,  In  EdJovue  Ho«p4<aI  ModicttJ  CuUe^v;  CoMnltSnir  SmxeoD  to  th«Kfiw  Tafk 

Hcwpltal,  th«  CJuulty  Rcwpltal,  etc, ;  and 

B.  L.  KETES,  A.  M.,  M.  D., 

FroAMHor  of  TXTnuitolofTy  In  BeUoyue  HoapltaJ  M0dl«*J  Oollcg«  x  Boti^ecin  t»  the  diAritj  Hotpl- 

UJt  Ytuititt^  DivlflJoci;  CooAuiyng  DctntJitokieUl  to  lh«  Bureau  of  Out-Door  BeUc^ 

Bdkrtifl  HoepitAl;  ctcv 

I  TOL.  8yo.   ClotlL,  $5  00;  Sheep,  td.OO. 

This  work  ia  retillj  a  compendium  of,  and  ft  book  of  rerercDce  to,  all  modem 
worka  treating  in  anj  way  of  the  surgical  dinefkiies  of  the  genito-uriniiry  organs. 
At  the  same  time,  bo  other  single  book  contains  bo  large  an  arraj  of  oH^inat 
lacta  coDceruiDg  the  dasa  of  diaeaaoe  with  which  it  deals.  These  fact^  arc 
largely  druwo  from  the  eitenaiTe  and  varied  experience  of  tbe  uutborg. 

Ifanj  itnportant  hronchea  of  gGnito-ttrinory  dt»ca£eSf  aa  the  cntaneoiij^  riiala- 
diee  of  the  pcnia  and  flerotum,  receive  a  thorough  and  exbauative  treatmcni  tbat 
the  professional  reader  will  search  for  elsewhere  in  Tain. 

Both  to  the  fipeciaUet  and  the  general  practitioner  the  work  cotntnenda  itself 
as  one  of  inestimable  value. 

The  work  la  a  marvel  of  ooncldenem,  ftod  very  rarelf  in  so  much  condensa- 
tion aeeoRipOdhcd  without  loss  of  anj  valuable  pointa  of  detail  A  gliince  at 
the  table  of  contents  will  give  an  idea  of  the  scope  of  the  Tokuine,  but  otily  a 
careAi)  perusal  of  the  work  will  convince  the  reader  that  full  jaatice  has  heen 
dooe  to  all  the  various  branches  of  Ibis  highly^nterestlng  class  of  dlseosea. 

The  work  Is  elegantly  and  profuinely  illustrated^  and  enriched  bj  ILtly-five 
original  oases,  setting  forth  obscure  and  difficult  points  in  diagnosis  and  treatment. 

*^  The  first  part  is  devoted  to  the  Surgical  Diaeasea  of  the  Qcnito-Urinary 
Organs;  and  part  second  treats  of  Cliancroid  and  Syphilis,  The  auLhora  ^ap- 
pear  to  havi;  i^ucceeded  admirably  in  giving  to  the  >\ottd  fin  exbauiitiTe  and 
rdiable  treatise  on  this  important  claas  of  diseaaea/  ^* — NorthwcAtt-m  Mtdical  and 
JSurpkoi  JoumaL 

"  It  is  a  most  complete  digest  of  what  baa  long  been  known,  and  of  what  haa 
been  more  recently  disi'overed  in  the  field  of  sypbilitic  and  gcniio-uHnary  dis- 
orders. It  i^  perhaps  not  an  exaggeration  to  say  that  no  Mingle  work  upon  the 
SAme  subject  haa  yet  appeared,  in  this  or  any  foreign  language »  which  is  superior 
to  it." — Vhicago  Medical  ^amitter, 

^*  The  commanding  reputalion  of  Dr.  Van  Buren  in  this  specialty  and  of  the 
great  school  and  hospital  from  which  he  has  drawn  his  clinical  materials^  together 
with  the  general  interest  which  attaches  to  the  subject-matter  itaelf,  will,  we 
tmal,  lead  very  many  of  those  for  whom  it  ia  our  ollice  to  cater,  to  pocseas  them- 
■elves  at  onuc  of  the  volume  and  form  their  own  opinions  of  its  merit.*' — Atlanta 
Mtdieal  and  Surffieal  Journal 
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voaEL. 

A  Practical  Treatise  on  the  Diseases 

qf  Children^     Second  American  from   the  Fourth 
German  Edition,    lUvstraied  ly  Six  Liiha^raphia 

By  ALFRED  VOGEL,  M.  D^ 

TtolbMor  of  CUnkil  H«dloint  U»  tb«  UtilTcnl^  of  iNupAt,  Kurii. 
TRAiCSl^TSD  Ain>  SBITED  BY 

H,    RAPHAEL,    M.  D., 

Ute  HovM Biuirtaii  to  B^Ueroa  Ho«pltit;  Ptifitakii  to  Ibi  fiMtoni  Dltpesiuj  iv  Kb*  DImh« 
of  CbUdnn,  vto,  Ota. 


1  ToL,  8to.    611  pp.    GloU^  $4.60. 

The  work  is  well  ^p  to  the  present  state  of  pathological  koowledge; 
complete  witbont  uimecessary  prolixity;  ita  aymptomatology  aceurate, 
evidently  the  rcarult  of  oarefal  observation  of  a  competent  and  experi* 
enced  clinical  practitioner.  The  diagnosis  and  differential  relationa  of 
diseases  to  each  other  are  accurately  described^  and  the  therapentict 
judicions  and  disoriminating.  All  x>olypharmaey  is  discarded,  and  only 
fche  remedies  which  appeared  naefnl  to  the  author  commeDded. 

It  contains  much  that  mast  gain  for  it  the  merited  praise  of  all  tm< 
partial  judges,  and  prove  it  to  be  an  invaluable  tert-book  for  the  stu- 
dent and  practitioner,  and  a  safe  and  useful  guide  in  the  difficult  but  all- 
important  department  of  Pmdiatriea. 

^*  Eopidlj  passing  to  i  fourth  edition  In  Germany,  and  translated  into  three 
other  IftHgHRgen,  America  now  has  the  credit  of  presenting  the  first  Eogilafa  ver- 
bIod  of  a  book  which  must  take  a  prominent^  if  not  the  leading,  position  i 
works  deToted  to  this  class  of  disease," — JVl  Y.  Medical  Journal, 

**  The  profesBion  of  this  country  are  under  many  obligations  to  Dr.  Raphael 
for  bringing,  as  he  has  don^  this  truly  Taloable  work  to  their  notice.**-  "  "  ' 
JUeord. 

"  The  translator  has  been  more  than  ordinarilj  successful,  and  hia  Uboii 
have  resulted   in  what,  in  every  sense,  is  a  valuable  contribution  to  tnedicai^ 
science.'* — Ptycholofficai  JoumaL 

"We  do  not  know  of  a  compact  text-book  on  the  diseases  of  ehfldren  mora  ^ 
complete,  more  comprehensive,  more  replete  with  practical  retiuirks  and  icieoti ' 
facts,  more  in  keeping  with  the  development  of  modem  medicme,  and  b 
worthy  of  the  attention  of  the  profession,  than  that  which  has  been  the  atil^ 
of  our  remarks/*— Joumo/  of  OUUiriot^ 
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WALTON. 

The  Mineral  Springs  of  the  United 

States  and  Canada^  with  Analyses  and  Notes  on  the 
PramtTtent  Spas  of  Europe^  and  a  lAst  of  Sea-side 
JResorts,    An  enlarged  and  revised  edition. 

By  GEORGE  E.  WALTON^,  l£D., 
L«etiii«r  on  MAterl*  Med)ea  In  tbo  Miami  M«dScfll  OoIlB^e,  Clncliuiat). 

1  ToUf  12mo,   80O  pa^eSf  witiL  Maps*   Price,  t2,0D» 

The  author  hM  given  the  analyses  of  all  the  springs  in  this  conntrj*  and 
those  of  the  principal  European  spas^  reduced  to  a  uniform  etandard  of 
one  wine-pint,  so  that  they  may  readily  be  compared.  He  has  arranged 
the  springs  of  America  and  Europe  in  seven  distinct  clashes,  and  de- 
florihed  the  diseases  to  which  mineral  waters  are  adapted^  with  refer- 
ences to  the  clasfl  of  waters  applicable  to  the  treatment,  tmd  tlie  pecul* 
iar  characteristics  of  each  spring  as  near  as  known  are  given — also^  the 
location^  mode  of  access,  and  post-office  address  of  every  spring  are  men- 
tioned. In  addition,  he  has  described  the  various  kinds  of  baths  and 
the  appropriate  nse  of  them  in  the  treatment  of  disease. 

EXTEACTS  FROM  OFIKIONS  OF  THE  PESSB. 

"  »  ,  .  Preeisd  and  comprehensive^  presenting  not  only  reliftbki  flualyses  of 
the  waterg,  but  their  therapeutic  value^  so  that  physiciaoa  cau  hereafter  advise 
their  use  aa  mtelH gently  and  btiiii*fieially  as  thi^y  can  other  valuable  altemtive 
agents,*' — Sanitarian. 

**  ,  .  .  Will  tend  to  enlighten  both  the  profession  and  the  people  on  this 
question.'* — N.  Y.  Medical  JfmrnaL 

'*  ♦  ♦  .  ContAins  in  brief  npace  a  vast  amount  of  Importiint  and  mtcreating 
matter,  well  arranged  and  well  presented.  Nearly  every  physician  needs  just 
such  a  volume.^' — Rkhuond  and  Limm^lUe  Meditnt  Journal. 

**  .  ,  ,  Fills  this  necessity  in  a  scientific  and  pleasing  manner,  and  can  be  read 
with  advantage  by  tlte  physician  as  well  as  layman*" — Americau  Jou)\  of  Ohatctriei, 


OimrmsiTT  or  Tnonru,  */»#!«  9,  18T8. 

QtmtsiaiK :  I  have  received  by  mail  a  copy  of  Dr.  Walton's  work  on  the 
Mineral  Springs  of  the  United  States  and  Canada.  Be  pleased  to  accept  my 
thanks  for  a  work  which  I  have  been  eagerly  looking  for  ever  Bince  I  hnd  the 
pleasure  of  meeting  the  author  in  the  summer  of  1871.  He  satisfied  rae  that 
he  was  naW  qualified  to  write  a  reliable  work  on  this  subject,  and  I  doubt  not 
he  has  met  my  expectations.  Such  a  work  was  greatly  needed,  and,  if  offered 
for  sale  at  the  pr'mcipal  mineral  springs  of  the  country,  will,  1  believe,  com* 
nand  a  ready  sale.    Very  respectfully  youw, 


30  i>,  Appleton  A  Co,^s  Msdicai  PiMicaiion^, 


WELLS. 
Diseases  of  the  Ovaries  ;  Their  Dio^oHb 

arid  TreatmerU, 

By  T.  SPENCER  WELLS, 

Fellow  jui4  Member  of  Gonndl  of  t2i«  Bor^  Odllc^  of  Bttr«e(ms  of  Eogluid ;  Baoanrf  TtUkjm 
ofihv  KU^e  sti^l  QaiH'nV  CoTlcire  of  FlivsldttDi  to  Irekad;  SnzirtfOB  to  QrMntar  to  IJktt 
Qiacco>  1 1  irttan  llodpttal  for  Womeo;  Membev  (yf  tlie  Im- 

ficiia]  8  >  M  <^tcil  Soci^tf  of  ParlB.  imd  of  the  M edlcal  Sod- 

etj  ofSv^  *  10  RoTft]  8od«tv  of  M«dieAl  tnd  X^tvr«l  Slcl«D«e 

of  BraMcli.  and  uf  the  Mudic^il  Sod«tics  of  Peith.  Aod  &«I«lnK^m;  HODoranr  PdDow  of 
tb*  Obfrtetxknl  Sodotltt  of  Beribi  and  Ltlpjtlff . 

1  Tot,  8to*   478  pp,   niuitrtttttd.   Cloth,  Prioe,  tlSO. 

In  1866  the  anthor  issued  a  volume  containing  reports  of  one  hundred  and 
fonrt4*eii  cases  of  OvarJotornVj  which  was  little  more  than  a  simple  record  of 
fact*.  The  book  was  soon  out  of  print »  and,  thoagh  repeatedly  ask<Ml  fbt  a 
new  edition^  the  author  was  unable  to  do  more  than  prepare  papers  for  the 
Rovfil  Me<iical  anii  Chlrurgical  Society,  as  norte?  nf>er  serieiS  of  a  hundred  casea 
accumulated.  On  the  completion  of  fivo  hundred  cafes  he  embodied  the  resahfl 
in  tho  present  ToIunM3)  an  entirelj  new  work,  for  the  student  and  practitSoner, 
and  irtmU  it  may  prore  acceptable  to  them  and  useful  to  fiuffcKng  women. 

'*  Arrangements  hare  been  made  lor  the  publientioii  of  tliis  Tolume  in  Lon- 
don on  the  day  of  ita  publication  in  Kew  Tork.^^  French  and  Gcrmaii  tranAlA. 
lioua  are  already  in  press. 

WAGNER 
A    Hand  -  book   of  Chemical    Tech- 

By  RUDOLPH  WAGNER,  Ph.  D., 

Frofteuor  of  Chemical  Technology  at  the  Ualrenlty  of  Wnrt^iirf. 

TrAiulAted  and  edited,  from  the  elg^hth  German  edition,  with  e3tt«nslv« 

additional 

By  WILLIAM  OROOKES,  F.  R.  S. 

With  S36  ninitrationt,    1  vol.,  8vo.   701  paffM.    (Hoth,  §5.00. 

ruder  tbo  liend  of  Motellarcio  nifMTii'^itr^'.  (!u?  ht»Ht  n)*>t1vv!?  of  rir-^parina-  Irrm,  Cobalt, 
T71rkei  Copper.  CkjpDM  8alU  L.  ^fiHa,  Cbd. 

nilum.   Antimonv.  Artt^nic,  M*-;  nam*  itad 


I  i  afact  art  of  Soap  will  be  f  xi- 

irv^  Limes,  and  Mortars,  vii  iJer 

TIh'  IVrtinoln^iry  of  Yej^otable  Pihrea  bjia  beco  o  (Le  p^ron* 

\,  fit") up,  Cotton^  oA  woU  ms  Pttper-making ;  while  tl  Vctf«tabl* 

]'i--  f.>unfl  to  Li]clu«l^  SiKTiir'^-oTlIncr.  "WTnfl  aad  B»er  i  ^  illjiioa  of 

■f  RrejMl.  th.   i  i>inir.  the  Prc5t>n ;it4  ^n  .,f  Wo-4.  etc 

-  mn'ih  iDf"  to  the  prodQCtioa  of  PotULh  from  Sofir 

'f  Ttnrrin  f^.i!:  ^Hf^.l  ft^  wnfl  as  tlTr  prnpamtlan  of  9a|;«r 

'  f  Phovpho^ 

tVodmctt. 
'i'     .'  ■:.^  Ui«  final 

DEi  oj"tl»#  iKXiii  lijivcf  hci'ii  devotoil  Ut  fhie  I'cohnol'?^  of  IJeiitiDg  amj  lliainlniJtiAii 
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TEE  NEW  TORE  IIEDICAL 

JJMES  B.  Hr.\TEB.  .If.  IX, 
Published  Monthly.  Volumes  begin  in 


•^Aaof  tW  nuMrou  iceovdi  «r  V«dkiae  tad  tkir  ealbb 

the  aboire  Joonal  <Kca;4c«  a  Uf&  p'MitiM^  aad  dttmii^y  Ml^ — 2^  4 


-A  ««i7  Ugk-cfaM  >«niiL-— loi^M  Mtdini  Mlrtvr. 
^Tht  cdttor  ud  the  eomu^bmr/n  n^  UMOf  oar  mom. 
^QffJ  •  nunber  iwtrfM  ■■inr  tb«  doc*  boEM"  t»  JkmencM 


q  -FB]I«ftalBriilporiflMlMp«n.abMafiv  tB 

p  ^  We  kaw  •»  «cWr  ptrioakai  iLu  w«  wooU  n 

^  aad  lrti%iMii  than  tte  Nw  Toue  Mxakax.  Jocbsax.''^. 

Tenuy  $i  per  Abbwb*   Spccii 


TEE  POPULAR  SCIENCE   USSA 


Bo;  CandueUd  by  Prof.  E.  i.  TOUMJJfS, 

la  Each  Number  contains  128  pages,  with  numerous 

Attractive  Illustrations. 

t£  Published  Monthly.  Volumes  begin  In  May  aid 

Tenu^  $9  ^r  Abbmi,  or  Fifty  CeBts  pe 


Thb  PoruLAK  fW-iE?«cr  Motthi.t  w.ii  •f.ui«l  to  j.r.ni'^t*  th«»  -tttl^. 
knowledze.  in  a  rea«laM»-  and  attra-'^i'n  fMrm.  in.'.r.if  a1:  rLv**-*  ..f  -j|^  , 
far  met  a  want  »ui*pHi.'<l  M-  no  r^rh-  r  p.  ri'*-!:'-  li  in  r.f.r  I'r.ivil  Stat^^A. 

The  great  fvaliin-  ofth-  bia/ »/:.♦■  ;*.  *\.•^'  '.'■*  •  <infi  rif«  ar*-  not  w^ac  ^»»*g.^  f^rx-^ 
yean  aince.  but  what  it  U  t'>-da>.  frf^h  from  th>:  'tiKlv.  th^  InrinruiiTT'.  .^  s-ja 
ck>tbc<l  in  the  lanfTiiair*:  ofth'-  aiit^<^lr'.  !r.%-r.'i'r*.  ar.<l  •<  i«-ri*.!«tit  'hfmjv^rs^s.  ^^^aft'-ap 
leftdinfT  minds  of  Kniflhn'i.  Krnrnf.  'r-nf.tr,,.  .m'l  (h-  f  r.lt/^l  ?*cat«Hi.  ' xsao,tm.''mmi' 
covering  the  whole  raxiir**  of  N'  ^rr  km.  :■'  irvi  r.  w^  h.n*-  rh-  lati-«t  •jiniumTi  .^  -•»■ 
bert  Spencer,  and  PnTt-^t-^ir.-*  If'i\l»v.  Tw.  !.i":  .»r,<l  I:.  A.  Pn<r/.r  .•rini*-  -cji  -^ki  :-* 
a  gratifrinK  i»ucc<««  to  rvt-ry  fri'  n*l  of  ««'i.  :if.r.'  |.r'»/T«*^  aiHl  unl v.Mr«»«4  -rttvacn-  -"^  r- 
beUered  ttuit  M^icnce  cimiWI  not  t^-  mn/l-  my  fMrv  t''it  <Iry  atiidr.  ar^  tiiHomoM. 

The  press  all  over  Um*  bui'l  1^  warrnly  ronirn'-n'Ilritf  it  U'«  iiabjDUi'  ^  "AWf^^^ 
tboae  recently  given : 

"A  journal  whlrh  promlw*  to  \if.  of  '•\u\i^*u*  wVxf.  Xtt  th^  c»aa«  .jf  t,^ -^^ 

country.** — AVt  J'wI:  TtMiuw  .  "^ 

»*It*la,  beyond  coniparlwui, th<i  li^^at  \\U\%x\,\  ,it  ioumallftio  of  th^^  kiiui  -'Tr-.^MialK 
try  .'•—Www  Journal. 

"The  initial  nmnlK-r  la  n4liii1rnlilv  Mm^Mf ut.  /I  "-   Krfnirttf  MnU. 

**In  our  opinion,  the  right  |il«u  h ii  »^ .  u  i„ip;.:iy  ».i»  In  tl,«:  pUn  of  cliia  -|    i,     „,  |,  ^, 

"Just  the  publication  niMMliMl  nt  thn  pr'  </  nr  fUy  "    SUmtr^al  G^xsKtt^ 

NewTorkMcdlcalJournalftiKl  I'l.piilnr  v./J.  i.f'    M'.r.'l.l/ 

Xew  York  MtHlicul  •lournul  niid  Appl«  I'lim    'A  '  ■  ir  i,-  .1  ..irrirti  <.f  Lif^rVrni*  -^ 

AppJetonsMViH'klv  ilouninl  mill  I'opiiJ.ir  "<  I M-.f.ii.:,  .     *   . 

New  York  Medical  •Journal,  TopnlMi  HiIiuk.  M'.i.ti.lv    <(.<!  Wf<|(ly  J^^ii] 

Bemtttanoea  should  be  ina<lu  liy  (wiiiui  if.<,i.<  /  or  i'  r  '.i  « },</k  t/>  r.A,» 

Jj.  A  I'l'i^NTo^r  f^  en.. 

ntu  A  IS  HI  nrn^mtm^  >'» 


